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(54) Radiation sensitive composition 

(57) A radiation sensitive composition contains (A) 
a colorant, (B) a binder polymer, (C) a polyfunctional 
monomer and (D) a carboxyl group-containing mono- 
functional monomer, an amide group-containing 
monoethylenically unsaturated monomer, a monoethyl- 
enically unsaturated monomer having a cyclic amide 
group or cyclic imide group or a phenyl group-containing 
(meth)acrytate, and (E) a photopolymerization initiator. 

The composition is useful for producing a color filter 
for use in color liquid crystal display device, color image 
pick-up elements etc. 
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Detailed Description of the Invention ~" 

5 [0001] The present invention relates to a radiation sensitive composition comprising a colorant. More specifically, it 
relates to a radiation sensitive composition which is advantageously used for the production of a color filter for use in 
color liquid crystal display devices, coiorjmaqe-pi ds-up elements and the like. 

[0002] A radiation sensitive composition is used to form a color filter tor use In color liquid crystal display devices, color 
image pick-up elements and the like. Since high sensitivity, adhesion to a substrate, chemical resistance and the like 

70 are required for the composition, a negative radiation sensitive composition is generally used. 

[0003] In general, to form a color filter using such a negative radiation sensitive composition, a light screening layer 
pattern is formed on a transparent substrate, a negative radiation sensitive composition resin having a colorant dis- 
persed therein is applied to the substrate, exposed to radiation through a photomask (to be referred to as "exposure" 
hereinafter) to be developed, and unexposed portions are dissolved with a developer to form a pixel pattern. Red, green 

15 and blue colorants are used as the colorant. 

[0004] As the negative radiation sensitive composition having the colorant dispersed therein has been conventionally 
used a negative radiation sensitive composition comprising a resin containing an acidic functional group such as 
(meth)acrylic acid, a polyfunctional monomer such as pentaerythritol tri(meth)acrylate, and a photopolymerization initi- 
ator such as 1 -hydroxycyclohexyl phenyl ketone. 

20 [0005] However, when a color filter is to be formed from such a negative radiation sensitive composition, a pixel por- 
tion which has been cured by exposure may be swollen with an alkali developer at the time of development using the 
alkali developer, the resolution of the obtained pixel pattern may lower and the pixel pattern may deform. Particularly 
when a negative radiation sensitive composition having a colorant dispersed therein is used for electronically engineer- 
ing application in which it is used to form a fine pixel array on a silicon wafer as in the case of an image pick-up element. 

25 scum may be produced on the obtained pixel pattern, the surface of the pixel pattern may be roughened, or part of the 
pixel array may fall off at the time of development with an alkali developer, thereby making it difficult to produce a high- 
resolution pixel array at a high yield. Further, the adhesion strength of the pixel pattern is lowered by development, 
whereby the pixel pattern detaches from the substrate when an alignment layer or transparent conductive film is formed 
after the formation of the pixel array. 

30 [0006] As a solution to the above problems, there is proposed, for example, a chemically amplified negative radiation 
sensitive composition which comprises a red pigment, polyvinyl phenol, methylol melamine and an optical acid gener- 
ating agent such as 1 ,1-bis(p-chlorophenyl)-2,2 ( 2-trichloroethane. A color filter obtained by using this composition has 
a fine pixel pattern having sufficient adhesion strength. 

[0007] However, when a fine pixel array is to be formed using this chemically amplified negative radiation sensitive 
35 composition, an undissolved product (residue) of the composition may remain in unexposed portions (non-pixel por- 
tions) or scum may be produced on pixels at the time of development with an alkali developer. 
[0008] Therefore, the development of a negative radiation sensitive composition for a color filter which is free from an 
undissolved product (residue) of the composition remaining in an unexposed portions and scum produced on pixels 
even when a fine pixel array is formed and can form a pixel array having high resolution and excellent adhesion strength 
40 to a substrate has been desired. 

[0009] It is an object of the present invention to provide a novel radiation sensitive composition. 
[0010] It is another object of the present invention to provide a radiation sensitive composition which is free from 
undissolved product (residue) of the composition remaining in an unexposed portions and scum produced pixels even 
when a fine pixel array is formed and can form a pixel array having excellent adhesion strength to a substrate and an 
45 excellent pattern shape at a high yield. 

[0011] It is still another object of the present invention to provide a radiation sensitive composition which is suitable 
for the production of a color filter. 

[001 2] The other objects and advantages of the present invention will become apparent from the following description. 
[0013] According to the present invention, firstly, the above objects and advantages of the present invention can be 
so attained by a radiation sensitive composition (may be refened to as "the first composition of the present invention" here- 
inafter) which comprises: 

(A) a colorant; 

(B) a binder polymer; 

55 (C) a polyfunctional monomer; 

(D1) at least one carboxyi group-containing monofunctional monomer selected from the group consisting of co-car- 
boxy-polycaprolactone mono(meth)acrylate, (meth)acrylicacid dimers and mono(2-(meth)acryloyloxyethyl)ester of 
dicarboxylic acid; and 
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(E) a photopolymerization initiator. 

[001 4] According to the present invention, secondly, the above objects and advantages of the present invention can 
be attained by a radiation sensitive composition (may be referred to as "the second composition of the present inv n- 
s tion" hereinafter) which comprises; 

(A) a colorant; 

(B) a binder polymer; 

(C) a polyfunction^ monomer; 

w (D2) an amide group-containing monoethylenically unsaturated monomer; and 
(E) a photopolymerization initiator. 

[0015] Thirdly, the above objects and advantages of the present invention can be attained by a radiation sensitive 
composition (may be referred to as "the third composition of the present invention" hereinafter) which comprises: 



[0016] Fourthly, the above objects and advantages of the present invention can be attained by a radiation sensitive 
composition (may be referred to as "the fourth composition of the present invention" hereinafter) which comprises: 



(B) a binder polymer; 

(C) a polyfunction^ monomer; 

(D4) at least one phenyl group-containing (meth)acrylate selected from the group consisting of compounds repre- 
sented by the following formula (2): 



15 



20 



(A) a colorant; 

(B) a binder polymer; 

(C) a polyfunctional monomer; 

(D3) a monoethylenically unsaturated monomer having a cyclic amide group or cyclic imide group; and 
(E) a photopolymerization initiator. 



25 



(A) a colorant; 



30 



35 




40 



wherein Ft 1 , R 2 and R 3 are independently a hydrogen atom, alkyl group having 1 to 10 cart>on atoms, phenyl 
group, group represented by -COOR 6 , group represented by 



45 




R 6 



group represented by 



so 




55 



BNSDOC1D: <EP 0902327 A2J_> 



3 



EP 0 902 327 A2 

group represented by — C-f R 6 ) 3 , 
group represented by -R 7 -H, group represented by -R 8 , 
5 group represented by 

I 

CH 3 — C — CH 3 
I 



10 



20 



25 



30 



45 



50 



55 



R a 



or group represented by 

I 

T5 CH 3 — C — R 

if 



or group represented by — C{ R 8 ) 3 , 

R 4 is a hydrogen atom or methyl group, and R 5 is a group represented by 

— (-CH — CH- — Oj — . 
R 

group represented by 



— eCH— CH 2 — Oi— C — 
1 p II 

35 R 9 O 



40 group represented by 



—i CH 2 — CH— CH 2 —0 )— . 
R 



or group represented by 



-f CHt-CH— CH 2 — O)— C . 

| p il 

R 9 . O 



R 6 is a hydrogen atom or methyl group, R 7 is a group selected from the same groups as those represented by 
R 5 , and R 8 is a group represented by 
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CH,= C— CO— R 
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R 9 is a hydrogen atom, hydroxyl group or methyl group, 

R 10 is a hydrogen atom or methyl group and R 11 is a group selected from the same groups as those repre- 
sented by R 5 , 

and p is an integer of 1 to 10, and 

compounds represented by the following formula (3): 



wherein R 1 . R 2 . R 3 and R 4 are the same as defined in the above formula (2), R 12 and R 13 are independently 
a group represented by 



or a group selected from the same groups as those represented by R 1 to R 3 in the above formula (2), and q 
and r are independently an integer of 0 or 1 to 10; and 

(E) a photopolymerization initiator. 

[0017] The present invention will be described in detail below. 

[0018] The colorant (A), the binder polymer (B) and the polyfunction^ monomer (C) will be described first. It should 
be understood that these descriptions are common to the first, second, third and fourth compositions of the present 
invention. 



[001 9] The colorant in the present invention is not limited to a particular color and is suitably selected according to the 
application purpose of a color filter. It may be either organic or inorganic. 

[0020] Illustrative examples of the organic colorant includes dyes, organic pigments, natural coloring matters and the 
like. Illustrative examples of the inorganic colorant include inorganic pigments, inorganic salts called "extender pigment" 
and the like. Since highly accurate color development and heat resistance are required for color filters, the colorant used 
in the present invention preferably has high color developing properties and high heat resistance, particularly high ther- 
mal decomposition resistance. An organic colorant and/or carbon black are/is generally used, and an organic pigment 
and/or carbon black is/are particularly preferred. 

[0021 ] Illustrative examples of the organic pigment include compounds classified into the group of pigments according 
to color index (C.I.; issued by The Society of Dyers and Colourists Co.) and having the following color index numbers, 
such as C.I. Pigment Yellow 12. CI. Pigment Yellow 13. C.I. Pigment Yellow 14. CI. Pigment Yellow 17. CI. Pigment 




-(3) 



R 4 

CH 2 = C — CO — ( CH^~ 
2 II q 
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(A) Colorant 
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Yellow 20, C.I. Pigment Yellow 24, C.I. Pigment Yellow 31 , C.I. Pigment Yellow 55, C.i. Pigment Yellow 83, C.I. Pigment 
Yellow 93. C.I. Pigment Yellow 109. C.I. Pigment Yellow 110, C.I. Pigment Yellow 138. C.I. Pigment Yellow 139, C.I. Pig- 
ment Yellow 150, C.L Pigment Yellow 153, C.I. Pigm nt Yellow 154, C.I. Pigment Yellow 155, C.I. Pigment Yellow 166 
and C.I. Pigment Yellow 168; C.I. Pigment Orange 36, C.I. Pigment Orange 43, CJ. Pigment Orange 51 , C.L Pigment 
Orange 61 and C.I. Pigment Orange 71; C.I. Pigment Red 9, C.I. Pigment Red 97, C.I. Pigment Red 122, C.I. Pigment 
Red 123, C.I. Pigment Red 149, C.I. Pigment Red 168, C.I. Pigment Red 176, C.I. Pigment Red 177, C.L Pigment Red 
180, C.L Pigment Red 209, C.L Pigment Red 215. C.L Pigment Red 224, C.L Pigment Red 242 and C.L Pigment Red 
254; C.L Pigment Violet 19, C.L Pigment Violet 23 and C.L Pigment Violet 29; C.L Pigment Blue 15, C.L Pigment Blue 
60. C.L Pigment Blue 15:3, C.I. Pigment Blue 15:4 and C.L Pigment Blue 15:6; C.L Pigment Green 7 and C.L Pigment 
Gr en 36; C.L Pigment Brown 23 and C.L Pigment Brown 25; and C.L Pigment Black 1 and C.L Pigment Black 7. All of 
these organic pigments can be preferably used. 

[0022] Illustrative examples of the inorganic colorant include titanium oxide, barium sulfate, zinc oxide, lead sulfate, 
yellow lead, zinc yellow, red iron oxide (111), cadmium red, ultramarine blue, Prussian blue, chromium oxide green, cobalt 
green, amber, titanium black, synthetic iron black, carbon black and the like. 
[0023] Of these inorganic colorants, carbon black is particularly preferred. 

[0024] In the present invention, the above colorants may be used alone or in admixture of two or more. 
[0025] The surface of each of these colorants may be modified with a polymer before use. The polymer for modifying 
the surface of the colorant is a polymer disclosed by JP-A 8-259876 (the term "JP-A" as used herein means an "unex- 
amined published Japanese patent application**), commercial polymer or oligomer for dispersing a pigment, or the like. 
The description of JP-A 8-259376 is cited in the disclosure of the present invention. 

[0026] The colorant in the present invention can be used in combination with a dispersant or dispersion aid as 
required. 

[0027] Typical examples of the dispersant include polycarboxyiates such as polyurethanes and polyacrylates; unsatu- 
rated poiyamides; (partial) amine salts, ammonium salts and alkyl amine salts of polycarboxylic acids; polysiloxanes; 
long-chain polyaminoamide phosphates; hydroxyl group-containing polycarboxyiates; and modified products thereof; 
amides formed by reacting polyesters having a free carboxylic acid group with poly(lower alkylene imines) and salts 
thereof: and the like, under the trade name of Disperbyk-130. 101, 161. 162. 163, 164, 165. 166, 170 (of Big Chemie 
Japan Co.. Ltd.), EFKA-47. 47EA, 48, 49. 100. 400, 450 (of EFKA Co., Ltd.), SOLS PERSE 13240. 13940. 17000. 
24000GR, 28000, 20000, 12000, 27000 (of ZENEKA Co.. Ltd.). 

[0028] The dispersant or dispersion aid is, for example, a cationic, anionic, nonionic or amphoteric surfactant, or a 
silicone-based or fluorine-based surfactant. 

[0029] Illustrative examples of the surfactant include polyoxyethytene alkyl ethers such as polyoxyethylene lauryl 
ether, polyoxyethylene stearyl ether and polyoxyethylene oleyl ether; polyoxyethylene alkylphenyl ethers such as poly- 
oxyethyiene octylphenyi ether and polyoxyethylene nonylphenyl ether; polyethylene glycol diesters such as polyethyl- 
ene glycol di la urate and polyethylene glycol distearate; sorbitan fatty acid esters; fatty acid modified polyesters; tertiary 
amine modified polyurethanes; polyethyleneimines; and the like, under the trade name of KP (Shin-Etsu Chemical Co.), 
Polyflow (Kyoeisha Yushi Kagaku Kogyo Co.). F-Top (Tokem Products Co.), Megafax (Dainippon Ink & Chemicals Co.), 
Florade (Sumitomo 3M Co.), Asahi Guard and Surflon (Asahi Glass Co.), and the like. 
[0030] These dispersants may be used alone or in admixture of two or more. 

[0031 ] The dispersant is generally used in an amount of 50 parts or less by weight, preferably 0 to 30 parts by weight 
based on 100 parts by weight of the colorant. 

[0032] The dispersant aid is a pigment derivative obtained by treating a pigment with an acid, base or polymer. Illus- 
trative examples of the dispersant aid include blue pigment derivatives such as copper phthalocyanine derivatives; yel- 
low pigment derivatives; and the like. 

(B) Binder polymer 

[0033] Any polymer may be used as the binder polymer in the present invention as long as it serves as a binder for 
the colorant (A) and is soluble in an alkali developer used in the development step for the production of a color filter. 
[0034] Trve binder polymer is a polymer containing an acidic functional group such as carboxyl group or phenolic 
hydroxyl group. 

[0035] The binder polymer in the present invention is preferably a polymer containing a carboxyl group, particularly a 
copolymer (to be simply referred to as "carboxyl group-containing copolymer" hereinafter) of an ethylenically unsatu- 
rated monomer having at least one carboxyl group (to be simply referred to as "carboxyl group-containing unsaturated 
monomer" hereinafter) and other copolymerizable ethylenically unsaturated monomer (to be simply referred to as 
"other unsaturated monomer" hereinafter). 

[0036] Illustrative examples of the carboxyl group-containing unsaturated monomer include unsaturated monocarbox- 
yiic acids such as acrylic acid, methacrylic acid, crotonic acid, a-chloroacrylic acid, ethacrylic acid and cinammic acid; 
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unsaturated dicarboxylic acids (anhydrides) such as maleic acid, maleic anhydride, fumaric acid, itaconic acid, itaconic 
anhydride, citraconic acid, citraconic anhydride and mesaconic acid; unsaturated polycarboxylic acids (anhydrides) 
having at ieast three carboxyl groups in the molecule; mono(meth)acryloylo)cyalkyl esters of non-polymerizable dicar- 
boxylic acids such as mono(2-acryloyloxyethyl)ester of succinic acid, mono(2-methacryloyloxyethyl)ester of succinic 

s acid, mono(2-acryloyloxyethyl)ester of phthalic acid and mono(2-methacryloyloxyethyl)ester of phthalic acid; <o-car- 
boxy-polycaprolactone monoacrylate, o>-carboxy-polycaprolactone monomethacrylate and the like. 
[0037] These carboxyl group-containing unsaturated monomers may be used alone or in admixture of two or more. 
[0038] Illustrative examples of the other unsaturated monomer include aromatic vinyl compounds such as styrene. a- 
methylstyrene, o-vinyltoluene, m-vinyltoluene, p-vinyltoluene. o-chlorostyrene, m-chlorostyrene. p-chlorostyrene, o- 

70 methoxystyrene, m-methoxystyrene, p-methoxystyrene. p-vinylbenzyl methyl ether and p-vinylbenzyl glycidyl ether; 
unsaturated carboxylates such as methyl acrylate, methyl methacrylate. ethyl acrylate. ethyl methacrylate. n-propyl acr- 
ylate, n-propyl methacrylate, i-propyl acrylate. i-propyl methacrylate, n-butyl acrylate, n-butyl methacrylate, i-butyl acr- 
ylate! »-butyl methacrylate. sec-butyl acrylate, sec-butyl methacrylate, t-butyl acrylate. t-butyl methacrylate. 2- 
hydroxyethyl acrylate, 2-hydroxyethyl methacrylate. 2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, 3-hydrox- 

15 ypropyl acrylate, 3-hydroxypropyl methacrylate, 2-hydroxybutyl acrylate, 2-hydroxybutyt methacrylate. 3-hydroxybutyl 
acrylate, 3-hydroxybutyl methacrylate. 4-hydroxybutyl acrylate. 4-hydroxybutyl methacrylate. allyl acrylate. ailyl meth- 
acrylate, benzyl acrylate, benzyl methacrylate, phenyl acrylate. phenyl methacrylate. methoxytriethylene glycol acrylate 
and methoxytriethylene glycol methacrylate; unsaturated aminoalkyl carboxylates such as 2-aminoethyl acrylate, 2- 
aminoethyl methacrylate, 2-dimethylaminoethyl acrylate, 2-dimethyiaminoethyl methacrylate. 2-aminopropyi acrylate, 

20 2-aminopropyl methacrylate, 2Hdimethylaminoproyl acrylate, 2-dimethylaminopropyl methacrylate, 3-aminopropyl acr- 
ylate, 3-aminopropyl methacrylate. 3-dimethylaminopropyl acrylate and 3-dimethylaminopropyl methacrylate; unsatu- 
rated glycidyl carboxylates such as glycidyl acrylate and glycidyl methacrylate; vinyl carboxylates such as vinyl acetate, 
vinyl propionate, vinyl butyrate and vinyl benzoate; unsaturated ethers such as vinylmethyl ether, vinylethyl ether, ally! 
glycidyl ether and methallyl glycidyl ether; vinyl cyanide compounds such as acrylonitrile, methacrylonitrile, ct-chloro- 

25 acrylonitrile and vinylidene cyanide; unsaturated amides and unsaturated imides such as acrylamide, methacrylamide, 
a-chloroacrytamide. N-(2-hydroxyethyl)acrylamide. N-(2-hydroxyethyl)methacrylamide t maleimide, N-phenylmaleimide 
and N-cyclohexylmaleimide; aliphatic conjugated dienes such as 1 ,3-butadiene. isoprene and chloroprene; macromon- 
omers having a monoacryloyl group or monomethacryioyl group at the terminal of a polymer molecular chain such as 
polystyrene, polymethyl acrylate, polymethyl methacrylate. poly-n-butyl acrylate, poly-n-butyl methacrylate and poiysi- 

30 loxane; and the like. 

[0039] These other unsaturated monomers may be used alone or in admixture of two or more. 
[0040] The proportion of the carboxyl group-containing unsaturated monomer in the carboxyl group-containing copol- 
ymer is generally 5 to 50 wt%, more preferably 10 to 40 wt%. When the proportion of the carboxyl group-containing 
unsaturated monomer is less than 5 wt%, the solubility in an alkali developer of the obtained radiation sensitive compo- 

35 sition is liable to lower, while when the proportion is more than 50 wt%, the formed pixel pattern is apt to fall off from the 
substrate or the surface of the pixel is apt to be roughened at the time of development with an alkali developer 
[0041] Particularly, the carboxyl group-containing copolymer containing the carboxyl group-containing unsaturated 
monomer in the above specified proportion has excellent solubility in an alkali developer. In a radiation sensitive com- 
position containing the copolymer as a binder, an undissolved product rarely remains after development with an alkali 

40 developer, stains or film residues are hardly produced in an area other than a portion of the substrate where pixels are 
formed, and a pixel pattern obtained from the composition is not dissolved excessively in the alkali developer, has excel- 
lent adhesion to the substrate and does not fall off from the substrate. 

[0042] The carboxyl group-containing copolymer is particularly preferably a copolymer (to be referred to as "carboxyl 
group-containing copolymer (I)" hereinafter) of (1) a carboxyl group-containing unsaturated monomer comprising 

45 acrylic acid and/or methacrylic acid as an essential component, and mono(2-acryloyioxyethyl) ester of succinic acid 
and/or mono(2-mechacrytoyioxyethyl)ester of succinic acid in some cases, and (2) at least one member selected from 
the group consisting of styrene, methyl acrylate, methyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxyethyl methacr- 
ylate, allyl (meth)acrylate, benzyl acrylate, bensyl methacrylate, phenyl acrylate, phenyl methacrylate, glycerol 
monoacrylate, glycerol monomethacrylate, N-phenylmaleimide, polystyrene macromonomer and polymethyl methacr- 

so ylate macromonomer. 

[0043] Illustrative examples of the carboxyl group-containing copolymer (I) include two-element and three-element 
copolymers (to be referred to as "carboxyl group-containing copolymers (la)" hereinafter) such as a copolymer of 
(meth)acryiic acid/benzyl (meth)acrylate, copolymer ol (meth)acrylic acid/styrene/methyl (meth)acrylate. copolymer of 
(meth)acrylic acid/styrene/benzyl (meth)acrylate. copolymer of (meth)acrylic acid/methyl (meth)acrylate/polystyrene 
55 macromonomer. copolymer of (meth)acrylic acid/methyl (meth)acrylate/polymethyi methacrylate macromonomer, 
copolymer of (meth)acryiic acid/benzyl (meth)acrylate/poiystyrene macromonomer, copolymer of (meth)acryhc 
acidTbenzyl (meth)acryiateypolymethyl methacrylate macromonomer, copolymer of (meth)acrylic acid/benzyl 
(meth)acrylate/2-hydroxyethyl (meth)acryiate, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/benzyl 
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(meth)acrylate f copolymer of (meth)acrylic acid/glycerol mono(rneth)acrylate/phenyl (meth)acrylate, and copolymer of 
(meth)acryiic acid/glycerol mono(meth)acrylate/N-phenyl maleimide; four-element copolymers (to be referred to as 
"carboxyl group-containing copolymers (lb)" hereinafter) such as a copolymer of (meth)acrylic' acid/2 -hydroxy ethyl 
(meth)acrylate/benzyf (meth)acrylate/polystyrene macromonomer, copolymer of (meth)acrylic acid/2-hydroxyethyl 
(meth)acryfate/benzyf (meth)acrylate/polymethyl methacrylate macromonomer, copolymer of (meth)aorylic acid/sty- 
rene/benzyl (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/styrene/phenyl (meth)acrytate/N-phe- 
nyl maleimide, copolymer of (meth)acrylic acid/glycerol mono(meth)acryiate/styrene/benzyl (meth)acryiate, copolymer 
of (meth)acrylic acid/glycerol rr©no(meth)acry1ate/styrene/phenyl (meth)acrylate. copolymer of (meth)acrylic acid/glyc- 
erol mono(meth)acrylate/styrene/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol mono(meth)acr- 
ylate/methyl (meth)acrylate/benzyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acryiate/methyl (meth)acrylate/fc>henyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/methyi (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acryiate/2-hydroxyethyl (meth)acrylate/benzyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/2-hydroxyethyl (meth)acrylate/phenyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/2-hydroxyethyl (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/benzyl (meth)acrylate/phenyl (meth)acrylate, copolymer of (meth)acrylicacid/mono[2-(meth)acry- 
loyloxyethyl]ester of succinic acid/glycerol mono(meth)acrylate/benzyl (meth)acrylate, copolymer of (meth)acrylic 
acid/glycerol mono(meth)acrytate/benzyl (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/benzyl (meth)acrylate/polystyrene macromonomer, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/benzyi (meth)acrylate/polymethyl methacrylate macromonomer, copolymer of (meth)acrylic 
acid/mono[2-(meth)acryioyloxyethyl]ester of succinic acid/glycerol mono(meth)acrylate/phenyl (meth)acrylate, copoly- 
mer of (meth)acryiic acid/glycerol mono(meth)acrylate/phenyl (meth)acrylate/N-phenyl maleimide. copolymer of 
(meth)acrylic acid/glycerol mono(meth)acrylate/phenyl (meth)acrylate/polystyrene macromonomer. copolymer of 
(meth)acryiic acid/glycerol mono(meth)acrylate/phenyl (meth)acrylate/polymethyl methacrylate macromonomer, copol- 
ymer of (meth)acrylic acid/mono[2-(meth)acryloyloxyethyl]ester of succinic acid/glycerol mono(meth)acrylate/N-phenyl 
maleimide, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/N-phenyl maleimide/polystyrene macromon- 
omer, and copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/N-phenyl maleimide/polymethyl methacrylate 
macromonomer; five-element copolymers (to be referred to as "carboxyl group-containing copolymers (lc)" hereinafter) 
such as a copolymer of (meth)acryiic acid/styrene/benzyl (meth)acrylate/N-phenyl maleimide/polystyrene macromono- 
mer, copolymer of (meth)acrylic acid/styrene/benzyl (meth)acrylate/N-phenyl maleimide/polymethyl methacrylate mac- 
romonomer, copolymer of (meth)acryiic acid/styrene/phenyl (meth)acrylate/N-phenyl maleimide/polystyrene 
macromonomer, copolymer of (meth)acrylic acid/styrene/phenyl (meth)acrylate/N-phenyl maleimide/polymethyl meth- 
acrylate macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/styrene/methyl (meth)acr- 
ylate/benzyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/styrene/methyl 
(meth)acrylate/phenyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/styrene/methyl 
(meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol mono (meth)acrylate/styrene/2-hydroxye- 
thyl (meth)acrylate/benzyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/styrene/2- 
hydroxyethyl (meth)acryiate/phenyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/sty- 
rene/2-hydroxyethyl (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol mono(meth)acr- 
ylate/styrene/benzyl (meth)acrylate/phenyl (meth)acrylate, copolymer of (meth)acrylic acid/mono[2- 
(meth)acryloylaxyethyl]ester of succinic acid/glycerol mono(meth)acrylate/styrene/benzyl (meth)acrylate, copolymer of 
(meth)acryiic acid/glycerol mono(meth)acrylate/styrene/benzyl (meth)acrylate/N-phenyl maleimide, copolymer of 
(meth)acrylic acid/glycerol mono (meth) acrylate/styrene/benzyl (meth)acryiate/polystyrene macromonomer, copoly- 
mer of (meth)acrylic acid/glycerol mono(meth)acrylate/styrene/benzyl (meth)acryiate/polymethyl methacrylate mac- 
romonomer, copolymer of (meth)acrylic acid/mono[2-(meth)acryloyloxyethyl]ester of succinic acid/glycerol 
mono(meth)acrylate/styrene/phenyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/sty- 
rene/phenyl (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrytic acid/glycerol mono(meth)acrylate/sty- 
rene/phenyl (meth)acryiate/polystyrene macromonomer, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/styrene/phenyi (meth)acrylate/polymethyl methacrylate macromonomer, copolymer of 
(meth)acrylic acid/mono[2-(meth)acryloyloxyethyQester of succinic acid/glycerol mono(meth)acrylate/styrene/N-phenyl 
maleimide, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/styrene/N-phenyl maleimide/polystyrene 
macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acryiate/styrene/N-phenyl maleimide/polymethyl 
methacrylate macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/methyl (meth)acrylate/2- 
hydroxyethyi (meth)acrylate/benzyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol mono(meth)acr- 
ylate/methyl (meth)acrylate/2-hydroxyethyl (meth)acrylatefchenyl (meth)acryiate, copolymer of (meth)acrylic acid/glyc- 
erol mono(meth)acrylate/methyl (meth)acrylate/2-hydroxyethyl (meth)acrylate/N-phenyl maleimide, copolymer of 
(meth)acryiic acid/glycerol mono(meth)acrylate/methyl (meth)acrylate/benzyl (meth)acrylate/phenyl (meth)acrylate, 
copolymer of (meth)acrylic acid/mono[2-(meth)acryloyloxyethyf]ester of succinic acid/glycerol mono(meth)acr- 
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ylate/methyl (meth)acrylate/benzyl (meth)acrylate, copolymer of (meth)acrylic acid/glycerol mono(meth)acr- 
ylate/methyl (meth)acryiate/benzyi (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/methyl (meth)acrylate/benzy1 (meth)acrylate/fc>olystyrene macromonbmer. copolymer of 
(meth)acryfic acid/glycerol mono(meth)acrylate/methyl (meth)acry1ate/benzyl (meth)acrytate/polym ethyl methacrylate 
macromonomer. copolymer of (meth)acrylic acid/mono[2-(meth)acryloyloxyethyl]ester of succinic acid/glycerol 
mono(meth)acrylate/methyl (meth)acrylate/phenyi (meth)acrylate. copolymer of (meth)acrylic acid/glycerol 
mono(meth)acrylate/methy1 (meth)acrylate/phenyt (meth)acrylate/N-phenyl maleimide, copolymer of (meth)acrylic 
acid/glycerol mono(meth)acrylate/methyl (meth)acryiate/phenyl (meth)acrylate/polystyrene macromonomer, copoly- 
mer of (meth)acry(ic acid/glycerol mono(meth)acryiate/methyl (meth)acrylate/phenyl (meth)acrylate/polymethyl meth- 
acrylate macromonomer, copolymer of (meth)acrylic acid/mono[2-(meth)acryloyloxyethyl]ester of succinic acid/glycerol 
mono(meth)acrylate/methyl (meth)acrylate/N-phenyl maleimide. copolymer of (meth)acrylic acid/glycerol 
mono(meth)acryiate/methyl (meth)acrylate/N-phenyl maleimide/polystyrene maaomonomer, copolymer of 
(meth)acrylic acid/glycerol mono(meth)acrylate/methyt (meth)acrylate/N-phenyl maleimide/polymethyl methacrylate 
macromonomer. copolymer of (meth)acrylic acid/glycerol mono(meth)acryiate/2-hydroxyethyi (meth)acrylate/benzyl 
(meth)acrylate/phenyl (meth)acrylate, copolymer of (meth)acrylic acid/mono[2-(meth)acryloylQxyethy0ester of succinic 
acid/glycerol mono(meth)acrylate/2-hydroxyethyl (meth)acrylate/benzyl (meth)acrylate, copolymer of (meth)acrylic 
acid/glycerol mono(meth)acryiate/2-hydroxyethyl (meth)acrylatefoenzyl (meth)acrytate/N-phenyl maleimide, copolymer 
of (meth)acrylic acid/glycerol mono(meth)acrylate/2-hydroxyethyl (meth)acrylate/benzyl (meth)acrylate/polystyrene 
macromonomer. copolymer of (meth)acrylic acid/glycerol mono(meth)acryiate/2-hydroxyethyl (meth)acryiate/benzyl 
(meth)acrylate/polymethyl methacrylate macromonomer. copolymer of (meth)acrylic acid/mono[2-(meth)acryloyloxye- 
thyl] ester of succinic acid/glycerol mono(meth)acryiate/2-hydroxyethyl (meth)acrylate/phenyl (meth)acrylate. copoly- 
mer of (meth)acryiic acid/glycerol mono(meth)acrytate/2-hydroxyethyl (meth)acrylate/phenyi (meth)acrylate/N-phenyl 
maleimide. copolymer of (meth)acrylic acid/glycerol mono(meth)acryiate/2-hydroxyethyl (meth)acrylate/phenyl 
(meth)acrylate/polystyrene macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/2-hydroxye- 
thyl (meth)acrylate/phenyi (meth)acrylate/polymethyl methacrylate macromonomer. copolymer of (meth)acrylic 
acid/mono[2-(meth)acryioyloxyethyi]ester of succinic acid/glycerol mono(meth)acrylate/2-hydroxyethyl (meth)acr- 
ylate/N-phenyl maleimide, copolymer of (meth)acrylic acid/glycerol mono(meth)acryiate£-hydroxyethyi (meth)acr- 
ylate/N-phenyl maleimide/polystyrene macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acryiate/2- 
hydroxyethyl (meth)acrylate/N-phenyl maleimide/^olymethyl methacrylate macromonomer, copolymer of (meth)acrylic 
acid/mono[2-(meth)acryloyloxyethyQester of succinic acid/glycerol mono(meth)acrylate/benzyl (meth)acrylate/phenyl 
(meth)acrylate, copolymer of (meth)acryiic acid/glycerol mono(meth)acrylate/benzyl (meth)acrylate/phenyl (meth)acr- 
ylate/N-phenyi maleimide, copolymer of (meth)acrylic acid/giyceroi mono(meth)acryiate/benzyl (meth)acrylate/phenyi 
(meth)acrylate/polystyrene macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/benzyl 
(meth)acrylate/phenyl (meth)acrylate/polymethyl methacrylate macromonomer. copolymer of (meth)acrylic 
acid/mono[2-(meth)acryloyloxyethyl]ester of succinic acid/giycerol mono(meth)acrylate/benzyl (meth)acrylate/N -phe- 
nyl maleimide. copolymer of (meth)acrylic acid/mono[2-(meth)acryloyloxyethyl]ester of succinic acid/glycerol 
mono(meth)acrylate/benzyI (meth)acrylate/polystyrene macromonomer, copolymer of (meth)acrylic acid/mono[2- 
(meth)acryloyloxyethyl]ester of succinic acid/glycerol mono(meth)acrylate/benzyl (meth)acrylate/polymethyl methacr- 
ylate macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/benzyl (meth)acrylate/N-phenyl 
maleimide/polystyrene macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth) aery late/benzyl 
(meth)acrylate/N-phenyl maleimide/polymethyl methacrylate macromonomer. copolymer of (meth)acrylic acid/mono[2- 
(meth)acryloyloxyethyl]ester of succinic acid/glycerol mono(meth)acrylate/phenyl (meth)acrylate/N-phenyi maleimide. 
copolymer of (meth)acrylic acid/mono[2-(meth)acryioyloxyethyl]ester of succinic acid/glycerol mono(meth)acr- 
ylate/phenyl (meth)acryiate/fc>olystyrene macromonomer, copolymer of (meth)acrylic acid/mono[2-(meth)acryloyloxye- 
thyQester of succinic acid/glycerol mono(meth)acrylate/phenyl (meth)acrylate/polymethyl methacrylate 
macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/phenyl (meth)acrylate/N-phenyl maleim- 
ide/polystyrene macromonomer, copolymer of (meth)acrylic acid/glycerol mono(meth)acrylate/phenyl (meth)acr- 
ylate/N-phenyl maleimide/polymethyl methacrylate macromonomer. copolymer of (meth)acrylic acid/mono[2- 
(meth)acryloyloxyethyl]ester of succinic acid/glycerol mono(meth)acrylate/N-phenyl maleimide/polystyrene macromon- 
omer. copolymer of (meth)acryiic acid/mono[2-(meth)acryloyloxyethyI]ester of succinic acid/glycerol mono(meth)acr- 
ylate/N-phenyl maleimide/polymethyl methacrylate macromonomer. copolymer of (meth)acrylic acid/N-phenyi 
maleimide/styrene/mono[2-(meth)acryloyloxyethyI]ester of succinic acid/benzyl (meth)acrylate. and copolymer of 
(meth)acrylic acid/N-phenyl maleimide/styrene/allyi (meth)acrylate/mono[2-(meth)acryloyloxyethy(]ester of succinic 
acid; and six-element copolymers (to be referred to as "carboxyl group-containing copolymers (Id)" hereinafter) such as 
a copolymer of (meth)acryiic add/styrene/2-hydroxyethyl (meth)acryiate/benzyl (meth)acrylate/N-phenyl maleim- 
ide/polystyrene macromonomer, copolymer of (meth)acrylic acid/styrene/2-hydroxyethyl (meth)acrylate/benzyl 
(meth)acrylate/N-phenyl maleimide/polymethyl methacrylate macromonomer, copolymer of (meth)acryiic acid/sty- 
rene/2-hydroxyethyl (meth)acrylate/phenyl (meth)acrylate/N-phenyl maleimide/polystyrene macromonomer. and copol- 
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ymer of- (meth)acrylic _ acki/styrene/2-hydroxy ethyl — (meth)acrylate/phenyi (meth)acryiate/N-phenyl 

maleimkje/poiymethyl methacrylate macromonomer. ^ - /- - 

[0044] The carboxyl group-containing copolymers (I) may be used alone or in admixture of two or "more, in the present 

invention, at least one other binder polymer may be used in conjunction with the carboxyl group-containing copolymer 

(I) in some cases. . ... \ - . - - 

[0045] The binder polymer preferably has a weight average molecular weight in terms of polystyrene measured by 

gel permeation chromatography (GPC: tetranydrofuran as a solvent) (to be simply referred to as "weight average 

molecular weight" hereinafter) of 3,000 to 300,000, more preferably 5,000 to 100,000. The ratio of the weight average 

molecular weight Mw to the number average molecular weight Mn is preferably 1 to 5, more preferably 1.5 to 4, much 

more preferably 2 to 3.5. ...... 

[0046] By using the binder polymer having such specific weight average molecular weight, a radiation sensitive com- 
position having excellent developabiiity can be obtained, whereby a pixel array having a sharp pattern edge can be 
formed, and stains, tarn residues or the like are hardly produced in an area other than a portion of the substrate where 
pixels are formed at the time of development. 

[0047] The amount of the binder polymer used in the present invention is generally 10 to 1 ,000 parts by weight, pref- 
erably 20 to 500 parts by weight based on 1 00 parts by weight of the colorant (A). When the amount of the binder pol- 
ymer used is smaller than 10 parts by weight, alkali developabiiity may deteriorate, or stains or film residues may be 
produced in an area other than a portion where pixels are formed. On the other hand, when the amount is larger than 
1 ,000 parts by weight, it may be difficult to attain a thin film having a target color density due to a reduction in the con- 
centration of the colorant. 

(C) Polyfunctions monomer 

[0048] The polyfunctional monomer in the present invention is a monomer having at least two polymerizable ethylen- 
ically unsaturated bonds. 

[0049] Illustrative examples of the polyfunctional monomer include diacrylates and dimethacrylates of alkylene glycols 
such as ethylene glycol and propylene glycol; diacrylates and dimethacrylates of polyaikylene glycols such as polyeth- 
ylene glycol and polypropylene glycol; oligoacrylates and oiigomethacrylates of polyhydric alcohols having a valence of 
3 or more such as glycerin, trimethylolpropane. pentaerythritol and dipentaerythritol; free carboxyl group-containing 
monoestenfied products of monohydroxy oligoacrylates and monohydroxy oiigomethacrylates such as trimethylolpro- 
pane diacrylate, trimethylolpropane dimethacrylate, pentaerythritol triacrylate, pentaerythritol trimethacrylate, dipen- 
taerythhtoi pentaacrylate and dipentaerythritol pentamethacrylate and dicarboxylic acids such as malonic acid, 
succinic acid, glutaric acid and terephthalic acid; free carboxyl group-containing oligoesterif ied products of tricarboxylic 
acids such as propane-1 ,2,3-tricarboxylic acid (tricarballylic acid), butane- 1 ,2,4-tricarboxyfic acid, benzene- 1 ,2,3-tricar- 
boxylic acid, benzene-1 ,2,3-tricarboxylic acid and benzene-1,2,3-tricarboxylic acid and monohydroxy monoacryiates 
and monohydroxy monomethacrylates such as 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl 
acrylate and 2-hydroxypropyi methacrylate; oligoacrylates and oiigomethacrylates such as polyesters, epoxy resins, 
urethane resins, alkyd resins, silicone resins and sptran resins; diacrylates and dimethacrylates of both terminal hydrox- 
ylated polymers such as both-terminal hydroxypoly-1 ,3-butadiene, both-terminal hydroxypolyisoprene and both-termi- 
nal hydroxypolycaprolactone; tris(2-acryloyloxyethyl)phosphate, ths(2-methacryloyloxyethyl)phosphate, and the like. 
[0050] Of these polyfunctional monomers, preferred are oligoacrylates and oiigomethacrylates of polyhydric alcohols 
having a valence of 3 or more such as trimethylolpropane triacrylate. trimethylolpropane trimethacrylate, pentaerythritol 
triacrylate, pentaerythritol trimethacrylate, dipentaerythritol pentaacrylate, dipentaerythritol pentamethacrylate, dipen- 
taerythritol hexaacrylate and dipentaerythritol hexamethacrylate, and particularly preferred are trimethylolpropane tria- 
crylate, pentaerythritol triacrylate, dipentaerythritol pentaacrylate and dipentaerythritol hexaacrylate. 
[0051] The above polyfunctional monomers may be used alone or in admixture of two or more. 
[0052] The amount of the polyfunctional monomer used in the present invention is generally 5 to 500 parts by weight, 
preferably 20 to 300 parts by weight based on 100 parts by weight of the binder polymer (B). When the amount of the 
polyfunctional monomer is smaller than 5 parts by weight, the pixel strength or the smoothness of the pixel surface is 
liable to deteriorate, while when the amount is larger than 500 parts by weight, alkali developabiiity is apt to lower, or 
stains or film residues are readily produced in an area other than a portion where pixels are formed, for example. 
[0053] A description is subsequently given of the component (D) of the radiation sensitive composition of the present 
invention, that is, the component (D1) of the first composition, the component (D2) of the second composition, the com- 
ponent (D3) of the third composition and the component (D4) of the fourth composition. 

(DP Carboxyl group-containing monofunctional monomer 

[0054] The carboxyl group-containing monofunctional monomer in the present invention is at least one member 
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selected from the group consisting of ©-carboxy-pdycaprolactone monoacrylate. o^cart>oxyiX)lycaprolactone mono- 
methacrylate. acrylic acid dimer, methacrylic acid dimer, mono(2-acryloyloxyethy0ester of dicarboxylic acid and 
mono(2-methacryloyloxyethyl)ester of dicarboxylic acid. 

[0055] - Illustrative examples of the dicartwxyiic acid in the mono(2-acryloyloxyethy1)ester of dicarboxylic acid and 
5 mono(2-methacryloyloxyethyl) ester of dicarboxylic acid include aliphatic dicarboxylic acids such as oxalic acid, malonic 
acid, succinic acid, giutaric acid and adipic acid; alicyciic dicarboxylic acids such as hexahydrophthalic acid, hexahydr- 
oisophthaiic acid and hexahydroterephthalic acid; aromatic dicarboxylic acids such as phthalic acid, isophthalic acid 
and terephthalic acid; and the like. 

[0056] Of these dicarboxylic acids, aliphatic dicarboxylic acids are preferred and succinic acid is particularly preferred. 
10 [0057] In the present invention, particularly preferred carboxyl group-containing monofunctional monomers are <o-car- 
boxy-polycaprolactone monoacrylate and mono(2-acryloyloxyethyl)ester of succinic acid. 

[0058] The above carboxyl group-containing monofunctional monomers may be used alone or in admixture of two or 
more. 

[0059] The amount of the carboxyl group-containing monofunctional monomer is generally 1 to 90 wt%, preferably 1 
is to 50 wt% based on the total of the polyfunction^ monomer and the carboxyl group-containing monofunctional mono- 
mer. When the amount of the carboxyl group-containing monofunctional monomer is smaller than 1 wt%, a pixel pattern 
may be partially or completely lost, an undissolved product (residue) of the composition may remain in unexposed por- 
tions or scum may be produced on pixels, and the adhesion strength of the obtained pixel to the substrate may lower. 
On the other hand, when the amount is larger than 90 wt%, the pixel strength and the smoothness of the pixel surface 
20 are liable to deteriorate. 

[0060] In the present invention, part of the carboxyl group-containing monofunctional monomer may be substituted 
by other carboxyl group-containing monofunctional monomer. The amount of other carboxyl group-containing mono- 
functional monomer is generally 50 wt% or less, preferably 10 wt% or less based on the total of all the carboxyl group- 
containing monofunctional monomers. 

25 

(D2\ Amide group-containing m onoethylenically unsaturated monomer 

[0061] Illustrative examples of the amide group-containing monoethylenically unsaturated monomer in the present 
invention include acrytamide. methacrylamide, N-methylol acrylamide, N-methylol methacrylamide. N,N-dimethyl acry- 
30 lamide. N,N-dimethyl methacrylamide, N,N-(3-dimethylaminopropyl)acrylamide, N,N-(3-dimethylaminopropyl)methacr- 
ylamide and the like. Of these, methacrylamide is particularly preferred. 

[0062] The above amide group-containing monoethylenically unsaturated monomers may be used alone or in admix- 
ture of two or more. 

[0063] The amount of the amide group-containing monoethylenically unsaturated monomer in the present invention 
35 is generally 0. 1 to 50 parts by weight, preferably 1 to 20 parts by weight, more preferably 1 to 1 0 parts by weight based 
on 100 parts by weight of the binder polymer (B). When the amount of the amide group-containing monoethylenically 
unsaturated monomer is smaller than 0.1 part by weight, the pixel strength or the smoothness of the pixel surface is 
liable to deteriorate. On the other hand, when the amount is larger than 50 parts by weight, alkali developability is apt 
to lower, or stains or film residues are readily produced in an area other than a portion where pixels are formed, for 
40 example. 

Monofunctional monomer having a cyclic amide group or imide group 

[0064] The monofunctional monomer having a cyclic amide group or imide group in the present invention is a mono- 
45 mer having a cyclic amide group or imide group and one polymerizable ethylenically unsaturated bond (to be referred 
to as "monofunctional monomer (D3)" hereinafter). 

[0065] In the monofunctional monomer (D3), the cyclic amide group is. for example, a cyclic amide group derived from 
an aliphatic aminocarboxylic acid having 3 to 5 carbon atoms such as (3-aminopropionic acid, y-aminonbutyric acid, 5- 
aminovaleric acid or c-aminocaproic acid. 

50 [0066] The imide group is, for example, an imide group derived from an aliphatic dicarboxylic acid having 4 to 6 carbon 
atoms such as succinic acid, giutaric acid or adipic acid; an imide group derived from an alicyciic dicarboxylic acid hav- 
ing 7 to 9 carbon atoms such as cyclopentane-1 ,2-dicarboxylic acid, cyclohexane-1 ,2-dicarboxylic acid, 1 -cyclohexene- 
1,2-dicarboxylic acid or 4-cyclohexene-1.2-dicarboxylic acid; or an imide group derived from an aromatic dicarboxylic 
acid having 8 to 10 carbon atoms such as phthalic acid or naphthalene-2.3-dicarboxylic acid. 

55 [0067] Of these cyclic amide groups and imide groups, groups having 5 constituent atoms are preferred, and a cyclic 
amide group derived from y-aminobutyric acid and an imide group derived from succinic acid, cyclohexane-1 ,2-dicarbo- 
xylic acid. 1-cyciohexene-1 ,2-dicarboxylic acid or 4-cyclohexene-1 ,2-dicarboxylic acid are particularly preferred. 
[0068] The ethylenically unsaturated bond of the monofunctional monomer (D3) is not particularly limited as long as 
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the monomer is polymerizabJe, but acryioyl group and methacryloyl group are particularly preferred. 
[0069] The bonding relationship between the cyclic amide group or imide group and the polymerizable ethylenically 
unsaturated bond of the monofunctional monomer (D3) is not particularly limited. However, it is preferred that the 
polymerizable ethylenically unsaturated bond is linked to the nitrogen atom of the cyclic amide group or imide group 
5 directly or through a divalent organic group. 

[0070] Preferred examples of the monofunctional monomer (D3) in the present invention are compounds represented 
by the following formula (1): 



70 R A O R 2 

I >i II 



A^CH 2 — CHf-O j^-C- C = CH 2 ""(I) 



15 



wherein A is a group having a cyclic imide group or cyclic amide group, the bond from A being the bond from the 
nitrogen atom of the cyclic imide group or cyclic amide group, R 1 and R 2 are independently a hydrogen atom or a 
methyl group, and m and n are independently an integer of 1 to 3. 

20 

[0071 ] More preferred examples of the monofunctional monomer (D3) include compounds represented by the follow- 
ing structural formulas (1-1) to (1-40). 
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6 



° O 



N-CH 3 — CH, — 0-C-CH=CH 2 -(1-1) 




9 O CH 3 



10 \ N- CH 2 — CH 2 — O-C — C~CH 2 








40 



45 ^ CH 3 9 9 R 3 




-(1-2) 



% CH 3 O 

is | if — CH 2 — CH — O — C — CH— CHj -(1-3) 

9 CH 3 O CH 3 

*> 1 N- CH 2 — CH — O — C — C — CH 2 -(1-4) 



25 ^ H 

N— CH 2 — CH 2 — O- C- CH =CH 2 —(1-5) 



30 



35 



9 O CH 3 

\ III 

N — CH 2 — CH 3 — O — C — C— CH 2 "-(1-6) 



° CH 3 O 

N-CH 2 — CH— 0-C-CH=CH 2 -(1-7) 



^1 — CH 2 — CH — O — C — C — CH 2 -(1-8) 
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N — CH, — CH, — O — C — C = CH 2 
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w _ 9 O CH 3 

\ II I 

N- CH 2 — CH 2 — 0-C-C=CH 2 
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20 
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CH 3 O 
N-CH 2 — CH — O— C-CH=rCH 2 



CH 3 O CH 3 

I II I 

N-CH 2 — CH — 0-C-C=CH 2 
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o 

6 



o 

30 r N-(-CH 2 — CH 2 — 0-^-C-CH-CH 2 



d? O CH, 

s U I 

N -(-CH 2 — CH 2 — O-^ C - C- CH 2 



40 i N -(-CH 2 — CH — O- )- C -CH=CH 2 



CH, O CH, 



O 

6 



^\ -(-CH,— CH — (D-^C-C^CH, 



J O 

N -(- CH— CH — O-^-C- CH= CH 2 



£5 



-(1-17) 
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4 9 CH J 



-e-CH 2 — CH 2 — O-^C-CrrCHj —(1-26) 



CH, O 

I II 
N-(-CH, — CH — O-HC— CH=CH 2 



(1-27) 



O 

J/ 



CH, 



O CH, 

II I 



N -(-CH, — CH — O C— C =CH, 



"(1-28) 




N— (— CH, — CH 2 - — O— )- C — CH=CH 2 



(1-29) 



O CH, 

N -f- CH — CH,— O C - C =CH, 



"(1-30) 



CH, O 
N -(- CH— CH — 0 C— CH =CH, 



(1-31) 



f]^\-eCH,— C 



CH, O CH, 

I II I 

CH — 0-4-C— C=CH, 



"(1-32) 



o 
II 



N -f- CH,— CH,— O -4jC -CH= CH, 
O 



(1-33) 
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CH 3 
CH,— CH— O 
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II 
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45 




CH 3 



O CH 3 
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CH,— CH— O -7- C - C - CH 2 



•(1-40) 



50 



[0072] Of the compounds represented by the above structural formulas, compounds represented by structural formu- 
las (1-1). (1-2). (1-5). (1-6). (1-9). (1-10). (1-11). (1-12). (1-13). (1-14). (1-17). (1-18). (1-29) and (1-30) are particularly 

55 preferred. ... 

[0073] In the present invention, the above monofunctional monomers (D3) may be used alone or in admixture ot two 

IOOtST" In the present invention, the amount of the monofunctional monomer (D3) is generally 1 to 90 wt%. preferably 
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1 to 50 wt%, more preferably 1 to 30 wt% based on the total of the monofunctional monomer (D3) and the polyfunctional 
monomer (C). When the amount of the monofunctional monomer (D3) is smaller than 1 wt%, a pixel pattern may be 
partially or completely lost, an undissolved product (residue) of the composition may remain in un&xposed portions or 
scum may be produced on pixels, and the adhesion strength of the obtained pixel to the substrate may lower. On the 
5 other hand, when the amount is larger than 90 wt%, the pixel strength or the smoothness of the pixel surface is apt to 
lower. 

fD4) Phenyl group-containing (meth)acrvtate 

10 [0075] The phenyl group-containing (meth)acrylate in the present invention is a compound represented by the above 
formula (2) or (3). 

[0076] Illustrative examples of the compound represented by the formula (2) include 



75 



20 



25 



30 



CH 2 = CH — CO— eCH 2 — CH — 0 ^^3) 2 



CH 2 = CH — CO— eCH 2 — CH 2 — O^^)— C$ H l9 P=4 
O 



CH 2 = CH — CO— eCH 2 — CH 2 — OH^)- C 9 H 19 P=8 
O 
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10 



15 



20 



25 



CH 3 

CH 2 = C —CO — CH 2 — CH, — OC — (Q) 

O O 

CO-^CH, — CH — CH 3 
II I 
O OH 



CH 3 

CH 2 = CH — CO — CH 2 — CH 2 — O — C — -(^) 
° CH, 




COOH 

,= CH — CO — CH 2 — CH 2 — OC — (O) 
so O O 



CH 2 - 



and 



35 



40 



CH, = CH — CO — CH 2 — CH — CH — O 
II I 
O OH 



[0077] These compounds are marketed under the trade name of Light Acrylate P-200A, Light Acrylate NP-4EA, Light 
Acrylate NP-8EA, Light Ester BP-2EM and Light Ester HOMPP (of Kyoeisha Kagaku Co., Ltd.). and M1 10 and T01317 
(of Toagosei Chemical Industry Co., Ltd.), respectively. 

[0078] Illustrative examples of the compound represented by the formula (3) include 

45 



CH 2 OCOCH=CH 2 



^ CH — CO — CH 2 — C — CH 2 — OC — 



CH, 

II 

O > O 

so CH 2 

OC— CH = CH, 
II 
O 

ss 



[0079] These compounds are marketed under the trade name of M5400 (of Toagosei Chemical Industry Co., Ltd.) 
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and BA134 (of Kyoeisha Kagaku Co.. Ltd.), respectively. 

[0080] In the present invention, the amount of the phenyl group-containing (meth)acrylate (D4) is generally 1 to 90 
wt%, preferably 1 to 50 wt%, more preferably 1 to 30 wt% based on the total of the phenyl group-containing (meth)acr- 
ylate (D4) and the polyfunctional monomer (C). When the amount of the phenyl group-containing (meth)acrylate (D4) 
is smaller than 1 wt%, a pixel pattern may be partially or completely lost, an undissolved product (residue) of the com- 
position may remain in unexposed portions or scum may be produced on pixels, and the adhesion of the obtained pixels 
to th substrate may lower. On the other hand, when the amount is larger than 90 wt%, the pixel strength or the smooth- 
ness of the pixel surface is apt to lower. 

[0081] In the present invention, when a radiation sensitive composition is prepared using the components (D3) or 
(D4), the components (D3) or (D4) may be added at the time of dispersing the colorant (A). 

(E) PhotODQlvrnerization initiator 

[0082] It should be understood that the following description of the photopolymerization initiator is common to the first, 
second, third and fourth compositions of the present invention. 

[0083] The term "photopolymerization initiator" as used in the present invention means a compound which forms rad- 
ical, cationic or anionic active species capable of starting the polymerization of the above components (C) and (D) due 
to the decomposition or cleavage of a bond caused by exposure. 

[0084] The photopolymerization initiator is a compound having a biimidazole ring, benzoin-based compound, ace- 
tophenone-based compound, benzophenone-based compound, a-diketone-based compound, polynuclear quinone- 
based compound, xanthone-based compound, or triazine-based compound (to be referred to as "compound having a 
biimidazole ring or the like" hereinafter). 

[0085] Illustrative examples of the compound having an imidazole ring include compounds represented by the follow- 
ing formula (4) (to be referred to as "biimidazole-based compounds (1)* hereinafter): 



(A') m (A') a 




wherein X is a hydrogen atom, halogen atom, cyano group, alkyl group having 1 to 4 carbon atoms and aryl group 
having 6 to 9 carbon atoms, a plurality of X's may be the same or different, A' is -COO-R (in which R is an alkyl 
group having 1 to 4 carbon atoms or aryl group having 6 to 9 carbon atoms), a plurality of A's may be the same or 
different, m is an integer of 1 to 3. and n is an integer of 1 to 3, 

compounds represented by the following formula (5) (to be referred to as "biimidazole-based compounds (2)" here- 
inafter): 
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70 




(5) 



75 



wherein X 1 . X 2 and X 3 may be the same or different and are each a hydrogen atom halogen atom, cyano group, 
alkyl group having 1 to 4 carbon atoms or aryl group having 6 to 9 carbon atoms, provided that two or more of X . 
X 2 and X 3 cannot be a hydrogen atom at the same time, 



20 



25 



and the like. 

[0086] The above formulas (4) and (5) generally show such a structure that two imidazole units are combined together 
at the 1 -position or 2-position. Therefore, the main skeletons of the biimidazole-based compounds (1) and the biimida- 
zole-based compounds (2) are one of compounds represented by any one of the following formulas (6) to (8) or a mix- 
ture of two or more thereof. 



-(6) 



30 



35 



40 



(7) 



(8) 



[00871 In the formulas (4) and (5), illustrative examples of the halogen atom represented by X. X . X and X include 
chlorine atom, bromine atom, iodine atom and the like, illustrative examples of the alkyl group having 1 to 4 carbon 
45 atoms include methyl group, ethyl group, n-propyl group, i-propyl group, n-butyl group, i-butyl group, sec-butyl group, t- 
butyl group and the like, and illustrative examples of the aryl group having 6 to 9 carbon atoms include phenyl group, o- 
tolyl group, m-tolyl group, p-tolyl group and the like. 

[0088] In the formula (4). R in -COO-R represented by A' is an alkyl group having 1 to 4 carbon atoms or aryl group 
having 6 to 9 carbon atoms as listed for X. 
so [0089] Illustrative examples of the biimidazole-based compounds (1) and the biimidazole-based compounds (2) are 

as follows 

[0090] The biimidazole-based compounds (1 ) include 2,2'-bis(2-chlorophenyl)-4,4'.5.5--tetrakis(4-methoxycarbonyl- 
phenyl)-1 2'-biimidazole. 2.2 , -bis(2-chlorophenyl)-4.4 , ,S,5 , -tetrakis(4-ethoxycarbonylphenyl)-1 ,2'-biimidazole. 2.2'- 
bis(2-chlorophenyl)-4.4\5.5-tetraWs(4-phenoxy(artx3nylpherTyl)-1,2 , -biimidazole. 2.2'-bis(2.4-dichlorophenyl)-4.4\5.5-- 
55 tetrakis(4-methoxycarbonylphenyl)-1.2'-biimidazole. 2.2-bis(2.4-dichlorcvhenyl)-4.4\5.5'-tetrakis(4-etticwyca^ 
phenyO-1 .2'-biimidazole, 2.2 , -bis(2.4-dichlorophenyl)-4,4 , ,5.5 , -tetrakis(4-phenoxycarbonylphenyl)-1 ,2 -bnmidazole, 2.2 - 
bis(2 4 6-trichlorophenyl)-4.4 , ,5.5-tetrakis(4-methoxycarbonylphenyl)-1 ,2-biimidazole. 2.2'-bis(2,4.6-tnchlorophenyl)- 
4 4'5 5 , -tetrakis(4-ethoxycarbonylphenyl)-1 .2'-biimidazole. 2.2--bis(2,4.6-trichlorophenyr)-4,4-.5.5-tetrakis(4-phenoxy- 
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carbonylphenyl)-i .^-biimidazole. 2,2 , *is(2-cyanophenyO^,4/5,5 , -tetrakis(4-rnethoxycartXDnyiphenyl)- 1 ^'-biimida- 
zole, 2,2 , -bis(2-cyanophenyl)-4,4/5,5'-tetrakis(4-ethoxycato^ 2,2 , -bis(2-cyanophenyl)- 
4,4\5 f 5 , -tetrakis(4iDhenoxycarbony!ph6nyl)-1^ , -biimida2ole, 2 t 2'-bis(2-methylphenyl)-4,4 , 5 t 5 , -tetrakis(4-methoxycarb- 
onylphenyl)-1 ,2'-biimidazole t 2 t 2*-bis(2-methylphenylH,4\5 i y-tetrakis^^ ^'-biimidazole. 2,2- 

bis(2-methylphenyl)-4,4\5,5Metrakis(4-phe 2 t 2'-bis(2-etiTy!phenyl)-4,4\5,5'-tet- 
rakis(4-methoxycarbonylphenyi)-1,2 , -biimidazole, 2 t 2 , ^is(2-ethylphenyI)-4,4 , ,5,5'-tetrakis(4-ethoxycarbonylphenyl)- 
1 ,2'-biimidazole, 2 ( 2 , -bis(2-ethylphenyl)-4,4\5,5 , -tetrakis(4^henoxy<»rtx)nylphenyl)-l ,2'-biimidazote, 2,2*-bis(2-pheny1- 
phenyl)^,4\5,5 , -tetrakis(4-methoxycar1wnylphenyI)-1 1 2 , ^nmidazol 2,2*-bis(2-phenytphenyl)-4,4\5,5'-tetrakis(4- 
ethoxycarbonylphenyl)-l f 2'-biimidazole, 2 t 2 , *is(2i)henylphe^yl)-4,4^5 ( 5 , -tetrakis(4-phenoxycartx)nylphenyl)-1 t 2 , - 
biimidazole, and the like. 

[0091] The biimidazole-based compounds (2) include 2,2'-bis(2 ( 4-dichiorqDhenyl)-4,4\5,5 , -tetraphenyi-l t 2 , -biimida- 
zole, 2 r 2 , -bis(2,4,6-trichlorophenyl)-4 ( 4\5,5 , -tetiBphenylo,2'-biimidazole, 2,2 , -bis(2,4-dibromophenyl)-4,4',5,5 , -tetra- 
phenyM^'-biimidazole, 2,2'4)is(2,4,6-tribrorrx)phen 2.2'-bis(2,4- 

dicyanophenylJ^.^.S.S-tetraphenyi-l^'-biimidazole, 2,2^is(2,4 t 6-tricyanopheny1)-4,4\5,5 , -tetraphenyl-1,2 , -biimida- 
zole, 2,2'4jis(2 l 4<iimethylphenyl)-4,4*,5 ) 5 , -tetraphenyl-1,2 , ^imtdazole I 2,2*-bts(2,4,6-trimethylphenyl)-4,4 ( 5,5 , -tetra- 
phenyl-1 t 2 f -biimidazole, 2,2'-bis(2.4<jiethyiphenyl)-4,4\5 i 5 , -tetraphenyl-1 t 2'-biirnidazole, 2,2 , -bis(2,4,6-triethylphenyl)- 
4,4\5,5*-tetrapherryl-1 ,2-biimidazole, 2 t 2 , -bis(2 t 4-diphenylphenyl)4 ( 4 , ,5,5 , -tetraphenyl-1 ,2'-biimidazole, 2,2-bis(2 ( 4,6- 
triphenylphenyl)-4,4\5 f 5 , -tetraphenyl-1 r 2 , 43iinrridazole 1 and the like. 

[0092] Of these, particularly preferred biimidazole-based compounds (1) are 2,2'-bis(2-chlorophenyl)-4,4 , I 5,5 , -tet- 
rakis(4-ethoxycarbonylphenyl)-1 ,2'-biimidazole and 2,2'-bis(2-bromophenyl)-4,4 , t 5.5 , -tetrakis(4-ethoxycarbonyphenyl)- 
1 ,2*-biimidazole. Of these, particularly preferred biimidazole-based compounds (2) are 2,2'-bis(2,4-dichlorophenyl)- 
4,4\5 t 5*-tetraphenyl-1 ,2'-biimidazole, 2,2'-bis(2,4,6-trichlorophenyl)-4,4 , ,5,5 , -tetraphenyl-1 ,2'-biimidazole, 2.2*-bis(2,4- 
dibromophenyt)-4,4\5.5 , -tetraphenyM ,2'-biimidazole and 2 ( 2'-bis(2,4,6-tribrornophenyl)-4,4\5,5'-tetraphenyl-1 ,2*-biirrri- 
dazole. 

[0093] The biimidazole-based compounds (1) and the biimidazole-based compounds (2) have excellent solubility in 
a solvent and does not produce foreign matter such as undissolved product and deposit. In addition, they have high 
sensitivity, fully promote a curing reaction by exposure with a small amount of energy, provide high contrast and are free 
from a curing reaction in an unexposed portion. Therefore, the exposed coating films of these compounds are clearly 
divided into cured portions insoluble in a developer and uncured portions highly soluble in the developer, thereby mak- 
ing it possible to form a color filter having no partial or complete loss or undercut of a pixel pattern. 
[0094] Illustrative examples of the benzoin-based compound include benzoin, benzoin methylether, benzoin ethyl- 
ether, benzoin i-propylether, benzoin i-butylether, methyl-2-benzoyl benzoate and the like. 

[0095] Illustrative examples of the acetophenone-based compound include 2.2-dimethoxy-2-phenyiacetophenone, 2- 
hydroxy-2-methyM -phenylpropan-1 -one, 1 -(4-i-propylphenyl)-2-hydroxy-2-methylpropan-1 -one, 4-(2-hydrox- 
yethoxy)phenyf-(2-hydroxy-2-propyl)ketone, 2,2-dimethoxyacetophenone, 2,2-diethoxyacetophenone, 2-methyl-(4- 
methylthiophenyl)-2-rnorpholino-1-propan-1-one, 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)butan-1-one, 1- 
hydroxycyclohexylphenyl ketone, 2 f 2-dimethoxy-1 ( 2-diphenylethan-1-one and the like. 

[0096] Illustrative examples of the benzophenone-based compound include 4,4'-bis(dimethylamino)benzophenone, 
4.4 , -bis(diethylamino)benzophenone and the like. 

[0097] Illustrative examples of the a-diketone-based compound include diacetyl, dibenzoyl, methylbenzoyl formate 
and the like. 

[0098] Illustrative examples of the polynuclear quinone-based compound include anthraquinone, 2-ethylanthraqui- 
none, 2-t-butylanthraquinone, 1 ,4-naphthoquinone and the like. 

[0099] Illustrative examples of the xanthone-based compound include xanthone, thioxanthone, 2-chlorothioxanthone 
and the like. 

[0100] Illustrative examples of the triazine-based compound include 1,3,5-tris(trichIoromethyl)-s-triazine, 1,3- 
bis(trichloromethyl)-5-(2-chlorophenyl)-s-triazine, 1,3-bis(trichloromethyl)-5-(4 , -chlorophenyl)-s-triazine, 1,3-bis 
(trichloromethyl)-5-(2'-methoxyphenyl)-s-triazine, 1,3-bis(trichloromethyl)-5-(4 , -methoxyphenyl)-s-triazine, 2-(2*- 
furylethylidene)-4,6-bis(trichloromethyl)-s-triazine, 2-(4 , -methoxystyryl)-4,6-bis(trichloromethyl)-s-triazine. 2-(3 , ,4 f - 
dimethoxystyryl)-4,6-bis{trichloromethyl)-s-triazine, 2-(4 , -methoxynaphthyl)-4,6-bis(trichloromethyl)-s-triazine t 2-(2'- 
bromo-4-methylphenyl)-4,6-bis(trichloromethyl)-s-triazine f 2-(2'-thiophenyl ethyl idene)-4,6-bis(trichloromethyl)-s-tri- 
azine and the like. 

[0101] Of the above benzoin-based compounds, acetophenone-based compounds, benzophenone-based com- 
pounds, a-diketone-based compounds, polynuclear quinone-based compounds, xanthone-based compounds and tri- 
azine-based compounds (to be referred to as "benzoin-based compounds and the like" hereinafter), 2-hydroxy-2- 
methyl-1 -phenylpropan-1 -one. 2-methyl-(4-methylthiophenyl)-2-morpholino-1-propan-1 -one and 2-benzyl-2-dimethyl- 
amino-1 -(4-morpholinophenyl)butan-1-one are preferred because the formed pixel pattern hardly falls off from the sub- 
strate at the time of development and the pixel strength and sensitivity are high. 
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[0102] In the present invention, the compounds having a biimidazole ring and the like may be used alone or in com- 
bination of two or more. *-■.-.' - ■ 
[0103] In the present invention, the compound having a biimidazole ring or the like can be used in combination with 
at least one member selected from the group consisting of a sensitizer, a curing promoting agent and a photo-crosslink- 
5 ing agent or photosensitizer composed of a polymer compound as required (to be referred to as "polymer photo- 
crosslinking/sensitizing agent" hereinafter). 

[0104] Illustrative examples of the sensitizer include 4,4'-bis(dimethyiamino)benzophenone, 4,4*-bis(diethyl- 
amino)benzophenone t 4<iiethylaminoacetophenone, 4-dimethylaminopropiophenone f ethyl-4-dimethylaminoben- 
zoate. 2-ethylhexyl-1 ,4-dimethylaminobenzoate, 2,5-bis(4 , -diethylamin(±)enzal)cyclohexanone, 7-diethylamino-3-(4- 

w diethylaminobenzoyl)coumarin, 4-(diethylamino)chalcone and the like. 

[0105] Illustrative examples of the curing promoting agent include chain transfer agents such as 2-mercaptobenzoim- 
idazole. 2-mercaptobenzothiazole, 2-mercaptobenzooxazole, 2,5-dimercapto-l ,3,4-thiadiazole, 2-mercapto-4,6- 
dimethylaminopyridine, 1-phenyl-5-mercapto-1H-tetrazole, 3-mercapto-4-methyl-4H-1,2,4-triazole and the like. 
[0106] Further, the polymer photo-crossl inking/sensitizing agent is a polymer compound having a functional group 

75 which can function as a photo-crosslinking agent and/or photosensitizing agent in the main chain and/or side chain. 
Illustrative examples of the polymer photo-crosslinking/sensitizing agent include a condensate of 4-azidobensaldehyde 
and polyvinyl alcohol, condensate of 4-azidobenzaldehyde and phenol novolak resin, homcpoiymer and copolymer of 
4-acryloylphenyicinnamoyl ester, 1 ,4-polybutadiene, 1,2-polybutadiene and the like. 

[0107] Of the above sensitizers, curing promoting agents and polymer photo-crosslink ng/sensitizing agents, 4,4*- 
20 bis(dimethylamino)benzophenone, 4,4-bis(diethylamino)benzophenone and 2-mercaptobenzothiazole are preferred 
because the formed pixel pattern hardly falls off from the substrate at the time of development and the pixel strength 
and sensitivity are high. 

[01 08] In the present invention, the photopolymerization initiator is particularly preferably a combination of at least one 
selected from the group consisting of the biimidazole-based compounds (1) and the biimidazole-based compounds (2), 

25 and an acetophenone-based compound and/or a benzophenone-based compound. 

[0109] Particularly preferred examples of the above combination include a combination of 2,2'-bis(2-chlorophenyl)- 
4 t 4 , ,5,5'-tetrakis(4-ethoxycarbonylphenyl)- l^'-biimidazoleM.^-bisCdiethylaminoJbenzophenone; a combination of 2,2*- 
bis(2-chlorophenyl)-4,4\5.5Metrakis(4-ethoxycarto 4,4 , -bis(diethylamino)benzophenone/2- 
benzyl-2-dimethylamino-1-(4-morpholinophenyl)butan-1-one; a combination of 2,2 , -bis(2-chlorophenyl)-4,4\5'5'-tet- 

30 raWs(4-ethoxycartonylphenyl)-1,2'^ 

ketone; a combination of 2,2'-bis(2-chlorophenyl)-4,4\5,5 , -tefrak^ 

bis(dimethylamino)benzophenone/1-hydroxycydohexylphenyl ketone/2-mercaptobenzothiazole; a combination of 2,2*- 
bis(2,4<iichlorophenylM,4\5,5Metraphenyl-1 ,2 , -biimidazole/4 I 4'-bis(diethyiamino)benzophenone; a combination of 
2,2'-bis(2 f 4<libromophenyl)-4 ( 4\5,5 , -te^^ 
35 dimethylamino-1-(4-morpholinophenyl)butan-1-one; a combination of 2,2 , -bis(2,4-dibromophenyl)-4,4 , t 5,5 , -tetraphe- 
nylbi-1,2M3iimidazole/4,4'-bis(diethylam ketone; a combination of 2,2'- 

bis(2,4<Jichlorophenyl)-4,4\5 t 5Metrap^ 

ylamino-1-{4-morpholinophenyl)butan-1-one/2-mercaptobenzothiazole; a combination of 2,2 , -bis(2,4,6-trichlorophe- 
ny|)-4,4\5,5 , -tetraphenyl-1,2 , -biimidazole/4,4 , -bis(dimethylanrdn ketone/2- 
40 mercaptobenzothiazole; and a combination of 2,2'-bis(2,4-dichloropheny0-4,4' ( 5.5-tetraphenyl-l ^'-biimidazole/a-ben- 
zyl-2-dimethylamino-1 -(4-morpholinophenyl)butan-l -one. 

[01 1 0] In the present invention, the total amount of the benzoin-based compound and the like is preferably 80 wt% or 
less based on the whole amount of the photopolymerization initiator, the total amount ol the sensitizer and the curing 
promoting agent is preferably 80 wt% or less based on the whole amount of the photopolymerization initiator, and the 
45 amount of the polymer photo-crossiinking/sensitizing agent is generally 200 parts or less by weight, preferably 0.01 to 
200 parts by weight, more preferably 50 to 1 80 parts by weight based on 1 00 parts by weight of the total of the biimida- 
zole-based compound (1) and the biimidazole-based compound (2). 

[0111] The amount of the photopolymerization initiator in the present invention is generally 0.01 to 200 parts by 
weight, preferably 1 to 120 parts by weight particularly preferably 1 to 50 parts by weight based on 100 parts by weight 
so of the total of the components (C) and (D). When the amount of the photopolymerization initiator is smaller than 0.01 
part by weight, curing by exposure is insufficient with the result that a pixel pattern may be partially or completely lost 
or undercut. On the other hand, when the amount is larger than 200 parts by weight, the formed pixel pattern easily falls 
off from the substrate at the time of development, and stains or film residues are readily produced in an area other than 
a portion where pixels are formed. 



55 



Additive 

[01 1 2] The radiation sensitive composition of the present invention may further contain various additives as required. 
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[01 1 3] Illustrative examples of the additives include dispersion aids for blue pigment derivative exemplified by copper 
phthalocyanine derivative and yellow pigment derivative; fillers such as glass and alumina; polymer compounds such 
as polyvinyl alcohol, polyethylene glycol moloalkyl ether and poly(fluoroalkylacryiate); surfactants such as nonionic sur- 
factant, cationic surfactant and anionic surfactant; bond promoting agents such as vinyrtrimethoxysilane, vinyttriethox- 
ysilane, vinyltris(2-methaxyethoxy)siiane, N-(2-aminoethy0-3-aminopropylmethyldimethoxysilane, N-(2-aminoethyl)-3- 
amirropropyltrimethoxysilane, 3-aminopropyltriethoxysilane, 3-glycidoxypropyitrimethoxysilane, 3-glycidoxypropylmeth- 
yldimethoxysilane, 2-(3,4-epoxycyciohexy1)ethyltrimethoxysilane, 3-chloropropylmethyldimethoxysilane t 3-chtoropro- 
pyltrimethoxysilane. 3-rnethacryloxypropyl trimethoxysilane and 3-mercaptopropyltrimethoxysilane; antioxidants such 
as 2.2-thiobis(4-methyl-6-t-butylphenol) and 2,6-di-t-butyiphenol; ultraviolet absorbers such as 2-(3-t-butyl-5-methyl-2- 
hydroxyphenyl)-5-chlorobenzotriazole and alkoxybenzophenone; and agglomeration inhibitors such as sodium polyacr- 
ylate. 

Solvent 

[01 14] The radiation sensitive composition (including the first second, third and fourth compositions) of the present 
invention comprises the above components (A), (B), (C), (D) and (E) as essential components and the above additive 
components as required. All the above components excluding the component (A) are generally dissolved in an appro- 
priate solvent to prepare a liquid composition. 

[0115] Any solvents are acceptable as long as they can disperse or dissolve and do not react with the components 
(A) to (E) and the additive components and have appropriate volatility. 

[01 1 6] Illustrative examples of the solvent include (poly)alkylene glycol monoalkyl ethers such as ethylene glycol mon- 
omethyl ether, ethylene glycol monoethyi ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, 
diethylene glycol mono-n-propyl ether, diethylene glycol mono-n-butyl ether, triethylene glycol monomethyl ether, trieth- 
ylene glycol monoethyl ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether, dipropylene glycol 
monomethyl ether, dipropylene glycol monoethyl ether, dipropylene glycol mono-n-propyl ether, dipropylene glycol 
mono-n-butyl ether, tripropylene glycol monomethyl ether and tripropylene glycol monoethyl ether; (poly)alkylene glycol 
monoalkyl ether acetates such as ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, 
diethylene glycol monomethyl ether acetate, diethylene glycol monoethyl ether acetate, propylene glycol monomethyl 
ether acetate and propylene glycol monoethyl ether acetate; other ethers such as diethylene glycol dimethyl ether, 
diethylene glycol methyl ethyl ether, diethylene glycol diethyl ether and tetrahydrofuran; ketones such as methyl ethyl 
ketone, cyclohexanone, 2-heptanone and 3-heptanone; alkyl lactates such as methyl 2-hydroxypropionate and ethyl 2- 
hydroxypropionate; other esters such as methyl 2-hydroxy-2-rnethylpropionate, ethyl 2-hydroxy-2-methylpropionate, 
methyl 3-methoxypropionate, ethyl 3-methoxypropionate, methyl 3-ethoxypropionate, ethyl 3-ethoxypropionate, ethyl 
ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutyrate, 3-methyl-3-methoxybutyl acetate, 3-methyI-3- 
methoxybutyl propionate, ethyl acetate, n-propyl acetate, i-propyl acetate, n-butyl acetate, i-butyi acetate, n-amyl ace- 
tate, i-amyl acetate, n-butyl propionate, ethyl butyrate, n-propyl butyrate, i-propyl butyrate, n-butyi butyrate, methylpyru- 
vic acid, ethyipyruvic acid, n-propylpyruvic acid, methyl acetoacetate, ethyl acetoacetate and ethyl 2-oxobutyrate; 
aromatic hydrocarbons such as toluene and xylene; carboxylic acid amides such as N-methyipyrrolidone, N.N-dimeth- 
yiformamide, and N t N-dimethylacetoamide; and the like. 
[01 1 7] These solvents may be used alone or in admixture of two or more. 

[0118] A high-boiling solvent such as benzyl ethyl ether, dihexyl ether, acetonylacetone, isophorone, caproic acid, 
caprylic acid, 1-octanoi. 1-nonanol, benzyl alcohol, benzyl acetate, ethyl benzoate, diethyl oxalate, diethyl maleate, 7- 
butyrolactone, ethylene carbonate, propylene carbonate and ethylene glycol monophenyl ether acetate can be used in 
combination with the solvent 

[0119] These high-boiling solvents may be used alone or in admixture of two or more. 

[0120] Of the above solvents, ethylene glycol monomethyl ether acetate, propylene glycol monomethyl ether acetate, 
propylene glycol monoethyl ether acetate, diethylene glycol dimethyl ether, cyclohexanone, 2-heptanone. 3-heptanone, 
ethyl 2-hydroxypropionate, 3-methyl-3-methoxybutyl propionate, ethyl 3-methoxypropionate, methyl 3-ethoxypropion- 
ate, ethyl 3-ethoxypropionate, n-butyl acetate, i-butyl acetate, n-amyl acetate, i-amyl acetate, n-butyl propionate, ethyl 
butyrate, i-propyl butyrate, n-butyl butyrate and ethyipyruvic acid are preferred from the viewpoint of solubility, pigment 
dispersibility and coating properties, and of the above high-boiling solvents, 7-butyrolactone is preferred. 
[0121] The amount of the solvent in the present invention is generally 100 to 10,000 parts by weight, preferably 500 
to 5,000 parts by weight based on 1 00 parts by weight of the binder polymer (B). 

Method of forming a color filter 

[0122] A description is subsequently given of a method of forming a color filter using the radiation sensitive composi- 
tion of the present invention. 
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[0123] A light screening layer is first formed to define a portion for forming pixels on the surface of a transparent sub- 
strate A liquid radiation sensitive composition having, for example, a red pigment dispersed therein is coated on this 
substrate and the coated substrate is prebaked to evaporate the solvent so as to form a coating film. Thereafter, the 
coating f ilm is exposed to radiation through a photomask and developed with an alkali developer to dissolve and remove 
s unexposed portions of the coating film and then preferably further post-baked to form an array of red pixels arranged in 
a predetermined pattern. 

[0124] Thereafter liquid radiation sensitive compositions having green and blue pigments dispersed therein are 
coated prebaked exposed and developed and preferably further post-baked in the same manner as described above 
to form' arrays of green pixels and blue pixels on the same substrate sequentially. Thus, a color filter having arrays of 

w three red. green and blue pixels arranged on the substrate is obtained. 

[01 25] The transparent substrate used to form the color filter is made from glass, silicon, polycarbonate, polyester, 
aromatic polyamide, polyamideimide. polyimide or the like. The transparent substrate can be subjected to a suitable 
pre-treatment such as chemical treatment with a silane coupling agent or the like, plasma treatment, ion plating, sput- 
t ring, gas vapor reaction process or vacuum vapor deposition. 

is [0126] To coat the liquid radiation sensitive composition on the transparent substrate, rotation coattng. cast coating, 
roll coating or the like can be suitably employed. 

[0127] The thickness of the coating film after drying is generally 0.1 to 10 urn preferably 0.2 to 5.0 urn particularly 

[^r'The^adiation 1 used to form a color filter is selected from visible light, ultraviolet light, far ultraviolet light electron 
so beams. X-rays and the like. It preferably has a wavelength of 1 90 to 450 nm. 
[0129] The irradiation energy of the radiation is preferably 1 to 1 .000 rnJ/cm^. 

[0130] The alkali developer is preferably an aqueous solution of sodium carbonate, sodium hydrox.de, potassium 
hydroxide, tetramethyl ammonium hydroxide, choline, 1.8-diarabicyclo-[5.4.0]-7-undecene. 1 .5-diazab.cyclo-[4.3.0]-5- 

25 JmST ThealkJi developer may contain a water-soluble organic solvent such as methanol or ethanol and a surfactant 

in suitable amounts. The alkali developer is generally washed off with water. 

[01 32] Development is carried out by shower development, spray development, dip development, puddle development 
or the like at normal temperature for 5 to 300 seconds. 

[01 33] The thus formed color filter is extremely useful for color liquid crystal display devices, color image pick-up eJe- 

30 merits, color sensors and the like. .. . . „,„ . „ 

[0134] The following examples are provided for the purpose of further illustrating the present invention but are in no 

way to be taken as limiting. 
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Comparative Example 1 

[01 35] A liquid radiation sensitive composition was prepared by mixing 80 parts by weight of a mixture of C.I. Pigment 
Yellow 83 and C. I. Pigment Green 36 in a weight ratio of 1 7/83 as the component (A), 50 parts by weight of a copolymer 
of methacrylic acid/2-hydroxyethyl methacrylata/benzyl methacrylate/polystyrene macromonomer (we.ght ratio o 
60/15/15/10. weight average molecular weight = 25.000) as the component (B). 40 parts by weight of diperteerythritol 
pentaacrylate as the component (C), 10 parts by weight of 2,2^bis(2.4-dichlorophenyl)-4.4 .5.5 -tetraphen5j- ,2 -bnmi- 
dazole, 10 parts by weight of 4.4-bis(diethylamino)benzophenone, 30 parts by weight of 2-benzyl-2-d l methylam.no-1 - 
(4-morpholinophenyl)butan-1-one and 5 parts by weight of 2-mercaptobenzothiazole as the components (E), and 1,500 
parts by weight of ethyl 3-ethoxypropionate as a solvent. 

[01 36] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glasstrans- 
parent substrate having a silica (SiO z ) film for preventing the elution of sodium ions formed on the surface, and this .q- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2 £^'* 
[0137] Thereafter, the substrate was cooled to room temperature and exposed to 100 mJ/cm 2 of ul1rav.olet l.ght hav- 
ing a wavelength of 365 nm. 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp The 
substrate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23«C for 1 minute , to be 
developed, washed with ultra-purified water and dried with air. The substrate was further post-baked at 180 C for 30 
minutes to produce a pixel array having a 20 urn x 20 »im green pixel pattern formed on the transport 'substrate. 
[0138] When this pixel array was observed through an optical microscope, a partial or complete loss of the pixel pat- 
tern was seen, an undissolved product (residue) of the composition remained in unexposed portions, scum was seen 
on the pixels and the adhesion.of the obtained pixels to the substrate was insufficient 

Example 1 

[0139] A liquid composition was prepared by mixing 80 parts by weight of a mixture of C.I. Pigment Yellow 83 and C.I. 
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Pigment Green 36 in a weight ratio of 17/83 as the component (A), 50 parts by weight of a copolymer of methacrylic 
acid/2-hydroxy ethyl methacrylate/benzyl methacrylate/polystyrene macromonomer (weight ratio of 60/15/15/10. weight 
average molecular weight = 25,000) as the component (B), 40 parts by weight of dipentaerythritol pentaacryiate as the 
component (C), 5 parts by weight of ca-carboxy-polycaprolactone monoacrylate as the component (D). 10 parts by 
weight of 2 ( 2 , ^is(2,4<lichlorophenyl)^ t 4\5 ? 5 , -tetiaphenyl-1^'^iimidazole, 10 parts by weight of 4,4-bis(diethyl- 
amino)benzophenone. 30 parts by weight of 2^enzyl-2Klimethylamino-1-(4-morpholinophenyl)butan-1-one and 5 
parts by weight of 2-mercaptobenzothiazole as the components (E) and 1 ,500 parts by weight of ethyl 3-ethoxypropi- 
onate as a solvent 

[0140] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glass trans- 
parent substrate having a silica (Si0 2 ) film for preventing the elution of sodium ions formed on the surface, and this liq- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2.0-jim-thick coating film. 
[0141] Thereafter, the substrate was cooled to room temperature and exposed to 100 mJ/cm 2 of ultraviolet light hav- 
ing a wavelength of 365 nm, 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp. The 
substrate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23°C for 1 minute to be 
developed, washed with ultra-purified water and dried with air. The substrate was further post-baked at 180°C for 30 
minutes to produce a pixel array having a 20 nm x 20 \xm green pixel pattern formed on the transparent substrate. 
[0142] When this pixel array was observed through an optical microscope, no partial or complete loss of the pixel pat- 
tern was seen, no undissolved product (residue) of the composition remained in unexposed portions, no scum was 
seen on the pixels and the adhesion of the obtained pixels to the substrate was excellent 

Comparative Example 2 

[0143] A liquid composition was prepared by mixing 80 parts by weight of a mixture of C. I. Pigment Yellow 83 and C.I. 
Pigment Green 36 in a weight ratio of 1 7/83 as the component (A), 50 parts by weight of a copolymer of methacrylic 
acid/2-hydroxyethyl methacrylate/benzyl methacrylate (weight ratio of 70/15/15, weight average molecular weight = 
25,000) as the component (B). 40 parts by weight of dipentaerythritol pentaacryiate as the component (C). 10 parts by 
weight of 2.2'-bis(2,4-dichlorophenyl)-4,4 , ,5.5 , -tetraphenyl-1,2 , -biimida2ole and 30 parts by weight of 2-benzyt-2- 
dimethylamino*1-(4-mprpholinophenyl)butan-1-one as the components (E), 10 parts by weight of 4,4'-bis(diethyl- 
amino)benzophenone as a sensitizer, 5 parts by weight of 2-mercaptobenzothiazoie as a curing promoting agent and 
1 ,500 parts by weight of ethyl 3-ethoxypropionate as a solvent. 

[0144] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glass trans- 
parent substrate having a silica (Si0 2 ) film for preventing the elution of sodium ions formed on the surface, and this liq- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2.0-jim-thick coating film. 
[0145] Thereafter, the substrate was cooled to room temperature and exposed to 100 mj of ultraviolet light having a 
wavelength of 365 nm, 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp. The sub- 
strate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23°C for 1 minute to be 
developed, washed with ultra-purified water and dried with air. The substrate was further post-baked at 180°C for 30 
minutes to produce a pixel array having a 20 \isr\ x 20 nm green pixel pattern. 

[0146] When this pixel array was observed through an optical microscope, a partial or complete loss of the pixel pat- 
tern was seen, an undissolved product (residue) of the composition remained in unexposed portions and scum was 
seen on the pixels. 

Example 2 

[0147] A liquid composition was prepared by mixing 80 parts by weight of a mixture of C. L Pigment Yellow 83 and C.I. 
Pigment Green 36 in a weight ratio of 17/83 as the component (A). 50 parts by weight of a copolymer of methacrylic 
acid/2-hydroxyethyl methacrylate/benzyl methacrylate (weight ratio of 70/15/15, weight average molecular weight = 
25,000) as the component (B), 40 parts by weight of dipentaerythritol pentaacryiate as the component (C), 5 parts by 
weight of methacrylamide as the component (D), 10 parts by weight of 2,2 , -bis(2 f 4-dichlorophenyl)-4,4',5,5'-tetraphe- 
nyl-1,2*-biimidazole and 30 parts by weight of 2-benzyl-2-dimethylamino-1 -(4-morpholinophenyl)butan-1 -one as the 
components (E), 10 parts by weight of 4,4'-bis(diethylamino)benzophenone as a sensitizer, 5 parts by weight of 2-mer- 
captobenzothiazole as a curing promoting agent and 1 .500 parts by weight of ethyl 3-ethoxypropionate as a solvent. 
[0148] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glass trans- 
parent substrate having a silica (SiOzj film for preventing the elution of sodium ions formed on the surface, and this liq- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2.0-^m-thick coating film. 
[0149] Thereafter, the substrate was cooled to room temperature and exposed to 100 mJ of ultraviolet light having a 
wavelength of 365 nm, 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp. The sub- 
strate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23°C for 1 minute to be 
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developed, washed with ultra-purified water and dried with air. The substrate was further post-baked at 180°C for 30 
minutes to produce a pixel array having a 20 jim x 20 green pixel pattern. 

[01 50] When this pixel array was observed through an optical microscope, no partial or complete loss of the pixel pat- 
tern was seen, no undissolved product (residue) of the composition remained in unexposed portions, no scum was 
5 seen on the pixels and the adhesion of the obtained pixels to the substrate was excellent. 

Comparative Example 3 

[01 51 ] A liquid composition was prepared by mixing 80 parts by weight of a mixture of C. I. Pigment Yellow 83 and CI. 

w Pigment Green 36 in a weight ratio of 1 7/83 as the component (A), 50 parts by weight of a copolymer of methacrylic 
acid/2-hydroxyethyl methacrylate/benzyl methacrylate/polystyrene macromonomer (weight ratio of 60/15/15/10. weight 
average molecular weight = 25,000) as the component (B), 40 parts by weight of dipentaerythritol pentaacrytate as the 
component (C), 10 parts by weight of 2.2'-bis(2,4Klichlorophenyl)-4,4 , ,5 t 5 , -tetraphenyl-l,2 , -biimida20le t 10 parts by 
weight of 4 t 4 , -bis(diethylamino)ben2ophenone, 30 parts by weight of 2-ben2yl-2-dimethylamino-1-(4-morpholinophe- 

is nyl)butan-1-one and 5 parts by weight of 2-mercaptobenzothiazole as the components (E) and 1,500 parts by weight 
of ethyl 3-ethoxypropionate as a solvent. 

[01 52] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glass trans- 
parent substrate having a silica (SiOa) film for preventing the elation of sodium ions formed on the surface, arid this liq- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2.0 -jam-thick coating film. 

20 [0153] Thereafter, the substrate was cooled to room temperature and exposed to 100 mJ/cm 2 of ultraviolet light hav- 
ing a wavelength of 365 nm, 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp. The 
substrate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23°C for 1 minute to be 
developed, washed wHh ultra-purified water and dried with air. The substrate was further post-baked at 180°C for 30 
minutes to produce a pixel array having a 20 \im x 20 \im green pixel pattern formed on the transparent substrate. 

25 [01 54] When this pixel array was observed through an optical microscope, a partial or complete loss of the pixel pat- 
tern was seen, an undissolved product (residue) of the composition remained in unexposed portions, scum was seen 
on the pixels and the adhesion of the obtained pixels to the substrate was insufficient. 

Example 3 

30 

[01 55] A liquid composition was prepared by mixing 80 parts by weight of a mixture of C. I. Pigment Yellow 83 and C.I. 
Pigment Green 36 in a weight ratio of 17/83 as the component (A), 50 parts by weight of a copolymer of methacrylic 
acid/2-hydroxyethyl methacrylate/benzyl methacrylate/polystyrene macromonomer (weight ratio of 60/15/15/10, weight 
average molecular weight = 25,000) as the component (B), 40 parts by weight of dipentaerythritol pentaacrylate as the 
35 component (C), 5 parts by weight of a compound represented by the above structural formula (1 -9) as the component 
(D), 10 parts by weight of 2,2 , -bis(2,4-dichlorophenyl)-4,4',5,5 , -tetraphenyl-1,2'-biimidazole, 10 parts by weight of 4,4'- 
bis(diethyiamino)benzophenone, 30 parts by weight of 2-benzyl-2-dimethylamino-1-( 4-morpholinophenyl)butan-1-one 
and 5 parts by weight of 2-mercaptobenzothiazole as the components (E) and 1 ,500 parts by weight of ethyl 3-ethoxy- 
propionate as a solvent. 

40 [01 56] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glass trans- 
parent substrate having a silica (Si0 2 ) film for preventing the elution of sodium ions formed on the surface, and this liq- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2.0-^m-thick coating film. 
[0157] Thereafter, the substrate was cooled to room temperature and exposed to 100 mJ/cm 2 of ultraviolet light hav- 
ing a wavelength of 365 nm, 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp. The 

45 substrate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23°C for 1 minute to be 
developed, washed with ultra-purified water and dried with air. The substrate was further post-baked at 1 80°C for 30 
minutes to produce a pixel array having a 20 tun x 20 jim green pixel pattern formed on the transparent substrate. 
[01 58] When this pixel array was observed through an optical microscope, no partial or complete loss of the pixel pat- 
tern was seen, no undissolved product (residue) of the composition remained in unexposed portions, no scum was 

so seen on the pixels and the adhesion of the obtained pixels to the substrate was excellent. 

Comparative Example 4 

[01 59] A liquid composition was prepared by mixing 80 parts by weight of a mixture of C. I. Pigment Yellow 83 and CI. 
55 Pigment Green 36 in a weight ratio of 17/83 as the component (A). 50 parts by weight of a copolymer of methacrylic 
acid/2-hydroxyethyl methacrylate/bensyl methacrylate/polystyrene macromonomer (weight ratio of 60/15/15/10, weight 
average molecular weight = 25.000) as the component (B), 40 parts by weight of dipentaerythritol pentaacrylate as the 
component (C), 10 parts by weight of 2,2 , -bis(2,4-dichlorophenyl)-4,4' p 5,5 , -tetraphenyl-1,2 , -biimidazole, 10 parts by 
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weight of ^^istdiethylaminoJbenzopherxDne, 30 parts by weight of 2-benzyl-2-dimethytamino-1-(4-morphoiinophe- 
nyl)butan-1-one and 5 parts by weight of 2-mercaptobenzothiazole as the components (E) and 1,500 parts by weight 
of ethyl 3-ethoxypropionate as a solvent 

[01 60] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glass trans- 
5 parent substrate having a silica (Si0 2 ) film for preventing the elution of sodium ions formed on the surface, and this liq- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2.0-|im-thick coating film. 
[0161] Thereafter, the substrate was cooled to room temperature and exposed to 100 mj/cm 2 of ultraviolet light hav- 
ing a wavelength of 365 nm, 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp. The 
substrate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23°C for 1 minute to be 
io developed, washed with ultra-purified water and dried with air. The substrate was further post -baked at 180°C for 30 
minutes to produce a pixel array having a 20 \um x 20 pm green pixel pattern formed on the transparent substrate. 
[0162] When this pixel array was observed through an optical microscope, a partial or complete loss of the pixel pat- 
tern was seen, an undissolved product (residue) of the composition remained in unexposed portions, scum was seen 
on the pixels and the adhesion of the obtained pixels to the substrate was insufficient 

Example 4 

[01 63] A liquid composition was prepared by mixing 80 parts by weight of a mixture of C. I. Pigment Yellow 83 and C.I . 
Pigment Green 36 in a weight ratio of 1 7/83 as the component (A), 50 parts by weight of a copolymer of methacrylic 

20 acid/2-hydroxyethyl methacry late/benzyl methacryiate/polystyrene macromonomer (weight ratio of 60/1 5/1 5/1 0 ( weight 
average molecular weight = 25,000) as the component (B). 40 parts by weight of dipentaerythrttol pentaacrytate as the 
component (C), 5 parts by weight of Light Ester BP-2EM as the component (D), 10 parts by weight of 2,2'-bis(2,4- 
dichlorophenyl)-4,4\5 t 5*-tetraphenyl-1 t 2'-biimidazole t 10 parts by weight of 4 f 4'-bis(diethylamino)benzophenone, 30 
parts by weight of 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)butan-1-one and 5 parts by weight of 2-mercapto- 

25 benzothiazole as the components (E) and 1 ,500 parts by weight of ethyl 3-ethoxypropionate as a solvent. 

[01 64] A light screening layer for defining a portion for forming pixels was formed on the surface of a soda-glass trans- 
parent substrate having a silica (Si0 2 ) film for preventing the elution of sodium ions formed on the surface, and this liq- 
uid composition was coated with a spin coater and prebaked at 90°C for 2 minutes to form a 2.0-iim-thick coating film. 
[0165] Thereafter, the substrate was cooled to room temperature and exposed to 100 mJ/cm 2 of ultraviolet light hav- 

30 ing a wavelength of 365 nm, 405 nm and 436 nm through a photomask and using a high-pressure mercury lamp. The 
substrate was then immersed in a 0.04 wt% aqueous solution of potassium hydroxide heated at 23°C for 1 minute to be 
developed, washed with ultra-purified water and dried with air. The substrate was further post-baked at 180°C for 30 
minutes to produce a pixel array having a 20 nm x 20 pm green pixel pattern formed on the transparent substrate. 
[0166] When this pixel array was observed through an optical microscope, no partial or complete loss of the pixel pat- 

35 tern was seen, no undissolved product (residue) of the composition remained in unexposed portions, no scum was 
seen on the pixels and the adhesion of the obtained pixels to the substrate was excellent 

[0167] A radiation sensitive composition contains (A) a colorant, (B) a binder polymer, (C) a polyfunction^ monomer 
and (D) a carboxyl group-containing monofunctional monomer, an amide group-containing monoethylenically unsatu- 
rated monomer, a monoethylenically unsaturated monomer having a cyclic amide group or cyclic imide group or a phe- 
40 nyl group-containing (meth)acrylate, and (E) a photopolymerization initiator. 

[0168] The composition is useful for producing a color filter for use in color liquid crystal display device, color image 
pick-up elements etc. 

Claims 

45 

1 . A radiation sensitive composition comprising: 

(A) a colorant; 

(B) a binder polymer; 

so (C) a polyfunction^ monomer; 

(Dl) at least one carboxyl group-containing monofunctional monomer selected from the group consisting of g>- 
carboxy-polycaprolactone mono(meth)acrylate, (meth)acrylic acid dimers and mono(2-(meth)acryloyloxye- 
thyl)ester of dicarboxylic acid; and 
(E) a photopolymerization initiator. 

55 

2. The radiation sensitive composition of claim 1 , wherein the colorant (A) is an organic colorant and/or carbon black. 

3. The radiation sensitive composition of claim 1 , wherein the binder polymer (B) is a copolymer of an ethyienically 
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unsaturated monomer having a carboxyl group and an ethylenically unsaturated monomer copolym rizable with 
the monomer and having no carboxyl group. 

4. The radiation sensitive composition of claim 1 1 wherein the polyfunctional monomer (C) has at least two polymer- 
5 izable ethylenically unsaturated bonds in the molecule. ... 

5. The radiation sensitive composition of claim 1 , wherein the polyfunctional monomer (C) is at least one member 
selected from the group consisting of trimethylolpropane triacrylate. trimethylolpropane trimethacrylate, pentaer- 
ythrrtol triacrylate, pentaerythrrtol trimethacrylate, dipentaerythritol pentaacrylate, dipentaerythritol pentamethacr- 

10 yiate, dipentaerythritol hexaacryiate and dipentaerythritol hexamethacrylate. 

6. The radiation sensitive composition of claim 1 p wherein the o-carboxy-polycaprolactone mono(meth)acrylate of the 
carboxyl group-containing monofunctional monomer (Dl) is ©-carboxy-polycaprolatone monoacrylate. 

75 7. The radiation sensitive composition of claim 1, wherein the mono(2-(meth)acryloyloxyethyl)ester of dicarboxylic 
acid of the carboxyl group-containing monofunctional monomer (Dl) is mono(2-acryloyloxyethyl)ester of succinic 
acid. 

The radiation sensitive composition of claim 1 , wherein the photopolymerization initiator (E) contains at least one 
biimidazole-based compound (1) selected from the group consisting of 2,2'-bis(2-chlorophenyl)-4 ( 4 , .5,5 , -tetrakis{4- 
ethoxycarbonylphenylH .2'-biimidazole and 2 t 2 , -bis(2-bromophenyl)-4 ( 4\5,5 , -tetrakis(4-ethoxycarbonylphenyl)- 
1 ,2'-biimidazole. 

The radiation sensitive composition of claim 1. wherein the photopolynerization initiator (E) contains at least one 
biimidazole-based compound (2) selected from the group consisting of 2,2 , -bis(2.4-dichlorophenyl)-4,4\5,5*-tetra- 
phenyl-1,2'-biimidazole. 2,2'-bis(2,4<libromophenyl)-4 f 4 , ,5.5 , -tetraphenyl-1.2*-biimidazole ( 2,2 , -bis(2.4.6-trichlo- 
rophenyO^^'.S.S'-tetraphenyl-l ,2 f -biimidazole and 2.2'-bis(2 ( 4,6-tribromophenyl)-4 l 4 , ,5 t 5 , -tetraphenyl-1 ,2'- 
biimidazole. 

30 10. The radiation sensitive composition of claim 1 , wherein the photopolymerization initiator (E) contains at least one 
acetophenone-based compound selected from the group consisting of 2.2<limethoxy-2-phenylacetophenone, 2- 
hydroxy-2-methyl-1 -phenylpropan-1 -one, 1 -(4-ii3ropylphenyl)-2-hydroxy-2-methylpropan-1 -one, 4-(2-hydrox- 
yethoxy)phenyi-(2-hydroxy-2-propyl)ketone, 2,2-dimethoxyacetophenone, 2,2-diethoxyacetophenone, 2-methyl-(4- 
methylthiophenyl)-2-morphoiino-1 -propan-1 -one, 2-benzyl-2-dimethylamino-1 -(4-morpholinophenyl)butan-1 -one, 

35 1 -hydroxycyciohexylphenyl ketone and 2,2-dimethoxy-1 ,2-diphenylethan-1 -one. 

11. The radiation sensitive composition of claim 1 , wherein the photopolymerization initiator (E) contains at least one 
benzophenone-based compound selected from the group consisting of 4,4 , -bis(dimethylamino)benzophenone and 
4,4'-bis(diethylamino)benzophenone. 

40 

1 2. The radiation sensitive composition of claim 1 . wherein the photopolymerization initiator (E) is a combination of the 
biimidazole-based compound of claim 8 or 9, and the acetophenone-based compound of claim 10 and/or the ben- 
zophenone-based compound of claim 11. 

45 13. The radiation sensitive composition of claim 8 or 9, wherein the photopolymerization initiator (E) contains at least 
one member selected from the group consisting of a benzophenone-based compound having a benzoin bond, 
other benzophenone-based photoradical generating agent benzophenone-based sensitizer and thiazole-based 
curing promoting agent. 

so 1 4. The radiation sensitive composition of claim 1 , which comprises the binder polymer (B) in an amount of 1 0 to 1 ,000 
parts by weight based on 100 parts by weight of the colorant (A), the polyfunctional monomer (C) in an amount of 
5 to 500 parts by weight based on 100 parts by weight of the binder polymer (B), the carboxyl group-containing 
monofunctional monomer (D1) in an amount of 1 to 90 parts by weight based on 100 parts by weight of the total of 
the polyfunctional monomer (C) and the carboxyl group-containing monofunctional monomer (D1), and the pho- 

55 topolymerization initiator (E) in an amount of 0.01 to 200 parts by weight based on 100 parts by weight of the total 
of the polyfunctional monomer (C) and the carboxyl group-containing monofunctional monomer (D1). 

15. A radiation sensitive composition comprising: 
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- (A) a colorant; - 

(B) a binder polymer; 

(C) a polyfunctional monomer; 

. (D2) an amide group-containing monoethylenically unsaturated monomer; and ; : : r 

5 (E) a photopolymerization initiator. 

1 6. The radiation sensitive composition of claim 1 5. wherein the colorant (A) is an organic colorant and/or carbon black. 

17. The radiation sensitive composition of claim 15. wherein the binder polymer (B) is a copolymer of an ethylenically 
io unsaturated monomer having a carboxyl group and an ethylenically unsaturated monomer copolymerizable with 

the monomer and having no carboxyl group, 

18. The radiation sensitive composition of claim 15, wherein the polyfunctional monomer (C) has at least two polymer- 
izable ethylenicaily unsaturated bonds in the molecule. 

15 

19. The radiation sensitive composition of claim 15, wherein the polyfunctions! monomer (C) is at least one member 
selected from the group consisting of trimethylolpropane triacrylate, trimethylolpropane trimethacrylate, pentaer- 
ythritol triacrylate, perrtaerythritol trimethacrylate. dipentaerythritol pentaacrylate, dipentaerythritol pentamethacr- 
ylate, dipentaerythritol hexaacrylate and dipentaerythritol hexamethacrylate. 

20. The radiation sensitive composition of claim 15. wherein the amide group-containing monoethylenically unsatu- 
rated monomer (D2) is at least one compound selected from the group consisting of (meth)acrylamide, N-methylol 
(meth)acrylamide, N,N-dimethyl (meth)acrylamide and N,N-(3-dimethylaminopropyl) (meth)acrylamide. 

25 21. The radiation sensitive composition of claim 15. which comprises the binder polymer (B) in an amount of 10 to 
1.000 parts by weight based on 100 parts by weight of the colorant (A), the polyfunctional monomer (C) in an 
amount of 5 to 500 parts by weight based on 100 parts by weight of the binder polymer (B). the amide group-con- 
taining monoethylenically unsaturated monomer (D2) in an amount of 0.1 to 50 parts by weight based on 100 parts 
by weight of the binder polymer (B). and the photopolymerization initiator (E) in an amount of 0.01 to 200 parts by 

30 weight based on 1 00 parts by weight of the total of the polyfunctional monomer (C) and the amide group-containing 
monoethylenically unsaturated monomer (D2). 

22. A radiation sensitive composition comprising: 

35 (A) a colorant; 

(B) a binder polymer; 

(C) a polyfunctional monomer; 

(D3) a monoethylenically unsaturated monomer having a cyclic amide group or a cyclic imide group; and 
(E) a photopolymerization initiator. 

40 

23. The radiation sensitive composition of claim 22, wherein the colorant (A) is an organic colorant and/or carbon black. 

24. The radiation sensitive composition of claim 22. wherein the binder polymer (B) is a copolymer of an ethylenically 
unsaturated monomer having a carboxyl group and an ethylenically unsaturated monomer copolymerizable with 

45 the monomer and having no carboxyl group. 

25. The radiation sensitive composition of claim 22, wherein the polyfunctional monomer (C) has at least two polymer- 
izable ethylenically unsaturated bonds in the molecule. 

so 26. The radiation sensitive composition of claim 22. wherein the polyfunctional monomer (C) is at least one member 
selected from the group consisting of trimethylolpropane triacrylate, trimethylolpropane trimethacrylate, perrtaer- 
ythritol triacrylate, perrtaerythritol trimethacrylate, dipentaerythritol pentaacrylate, dipentaerythritol pentamethacr- 
ylate, dipentaerythritol hexaacrylate and dipentaerythritol hexamethacrylate. 

55 27. The radiation sensitive composition of claim 22, wherein the monoethylenically unsaturated monomer (D3) having 
a cyclic amide group or cyclic imide group is represented by the following formula (1): 
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5 




-<1) 



70 wherein A is a group having a cyclic imide group or cyciic amide group, the bond from A being the bond from 

the nitrogen atom of the cyclic imide group or cyciic amide group. R 1 and R 2 are independently a hydrogen 
atom or methyl group, and m and n are independently an integer of 1 to 3. 

28. The radiation sensitive composition of claim 27, wherein the compound represented by the above formula (1) is at 
75 least one compound selected from the group consisting of compounds represented by formulas (1 -1) to (1-34). 

29. The radiation sensitive composition of claim 22, which comprises the binder polymer (B) in an amount of 10 to 
1,000 parts by weight based on 100 parts by weight of the colorant (A), the polyfunctional monomer (C) in an 
amount of 5 to 500 parts by weight based on 100 parts by weight of the binder polymer (B), the monoethylenicaliy 

20 unsaturated monomer having a cyclic imide group or cyclic amide group (D3) in an amount of 1 to 90 parts by 
weight based on 100 parts by weight of the total of the polyfunctional monomer (C) and the monoethylenicaliy 
unsaturated monomer having a cyclic imide group or cyclic amide group (D3). and the photopolymerization initiator 
(E) in an amount of 0.01 to 200 parts by weight based on 1 00 parts by weight of the total of the polyfunctional mon- 
omer (C) and the monoethylenicaliy unsaturated monomer having a cyclic imide group or cyclic amide group (D3). 

25 

30. A radiation sensitive composition comprising: 



30 



(A) a colorant; 

(B) a binder polymer; 

(C) a polyfunctional monomer; 

(D4) at least one phenyl group-containing (meth)acrylate selected from the group consisting of compounds 
represented by the following formula (2): 



35 




R 



40 



wherein R 1 . R 2 and R 3 are independently a hydrogen atom, alkyl group having 1 to 10 carbon atoms, phe- 
nyl group, group represented by -COOR 6 , group represented by 



45 




50 



group represented by 
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R 6 

group represented by — C4 R 6 ) 3 , 

group represented by -R 7 -H. group represented by -R 8 ( 

group represented by 

I 

CH 3 — C— CH Z > 

I. 
R 

group represented by 

CH,— C— R 8 

I 

R 8 



or group represented by — C4 R 8 >3 . 

R 4 is a hydrogen atom or methyl group, and R 5 is a group represented by 

— {-CH — CH 2 — O -} — 
R 



group represented by 



— (-CH — CH, — O-) — C 
I p il 

R 9 O 



group represented by 



— 6 CH 2 — CH — CH 2 — 0 ) — 

I p 
R 
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or group represented by 



— (-CHj-CH — CH 2 — O ) — C — 



5 



20 



25 



30 



35 



R 6 is a hydrogen atom or methyl group, R 7 is a group selected from the same groups as those represented 
by R 5 , and R 8 is a group represented by 



R 9 is a hydrogen atom, hydroxyl group or methyl group, 

R 10 is a hydrogen atom or methyl group and R 11 is a group selected from the same groups as those rep- 
resented by R 5 . 

and p is an integer of 1 to 10, and 

compounds represented by the following formula (3): 



wherein R 1 , R 2 , R 3 and R 4 are the same as defined in the above formula (2), R 12 and R 13 are independ- 
ently a group represented by 



or a group selected from the same groups as those represented by R 1 to R 3 in the above formula (2), and 
q and r are independently an integer of 0 or 1 to 10; and 

(E) a photopolymerization initiator. 

The radiation sensitive composition of claim 30, wherein the colorant (A) is an organic colorant and/or carbon black. 

The radiation sensitive composition of claim 30. wherein the binder polymer (B) is a copolymer of an ethylenically 
unsaturated monomer having a carboxyl group and an ethylenically unsaturated monomer copolymerizable with 
the monomer and having no carboxyl group. 





45 



R* 

CH 2 = C— CO — ( CH 2 -)- 
II Q 
O 
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33. The radiation sensitive composition of claim 30, wherein the polyfunctional monomer (C) has at least two polymer- 
izable ethylenically unsaturated bonds in the molecule. 

34. The radiation sensitive composition of claim 30, wherein the phenyl group-containing (meth)acrylate (D4) repre- 
5 serrted by the above formula (2) is 

CH 2 = CH— CO— eCH 2 — CH 2 — °^~(C^ p%2 



10 



15 



20 



25 



30 



CH 2 = CH — CO-fCH 2 — CH 2 — 0^-<^ — C,H 19 P=* 



CH 2 =CH — CO— eCH 2 — CH 2 — °+^(Q>) C » H i» P=8 

O 

,CH 3 

|^CH 2 =CH— C0-fCH 2 — CH 2 — O)— <^)-J-C^ p=l~3 

O CH 3 

CHj 

CH 



= C —CO — CH 2 — CH 2 — OC (Q) 



o / 

CO— CH,— CH— CH 3 
II I 
O OH 



35 



40 



CH 3 



CH 2 = CH — CO — CH 2 — CH 2 — O 



CH, 



COOH 

45 \ 

CH 3 



50 

or 



, = CH — CO — CH 2 — CH a — OC — (O) 
II II v=v 

O o 



CH 2 =CH-CO -CH 2 -CH-CH 2 -0— (^H@> 



» O OH 
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35. The radiation sensitive composition of claim 30, wherein the phenyl group-containing (meth)acrylate (D4) repre- 
sented by the above formula (3) is 



CH 2 OCOCH=CH 2 



5 




OC — CH= CH 2 

o 



15 



36. The radiation sensitive composition of claim 30, which comprises the binder polymer (B) in an amount of 10 to 
1,000 parts by weight based on 100 parts by weight of the colorant (A), the polyfunction^ monomer (C) in an 
20 amount of 5 to 500 parts by weight based on 100 parts by weight of the binder polymer (B), the phenyl group-con- 
taining (meth)acrylate (D4) in an amount of 1 to 90 parts by weight based on 100 parts by weight of the total of the 
polyfunction^ monomer (C) and the phenyl group-containing (meth)acrylate (D4), and the phctopolymerization ini- 
tiator (E) in an amount of 0.0 1 to 200 parts by weight based on 1 00 parts by weight of the total of the polyfunction^ 
monomer (C) and the phenyl group-containing (meth)acrylate (D4). 
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